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Influence of Growth Rate from Three to Twelve Months 
o f  Age on Reproductive Characteris tics of Boars 
J .  D. Reed and T .  D .  Rich 
Little definitive information is known concerning the influence o f  nutrition 
on boar development and subsequent fertility . In s ingle s tudies conducted at the 
University of Kentucky on b oars less than one year of age and at the University 
of Wisconsin on mature boars, it was concluded that development and functional 
capacity of the boar reproductive sys tem is relatively resis tant to the effects 
of under- and over-feeding . 
The obj ective of the present s tudy was to evaluate the influence o f  growth 
rate from 3 to 12 months o f  age on the onset  o f  puberty, lib ido and fertility 
o f  b oars . 
Experimental Procedure 
Six related crossbred b oars (predominantly Yorkshire) were allotted to three 
treatment groups when they were 90 days of age and remained on thes e planned growth 
rates lllltil one year o f  age . The three treatments consis ted of adj usting the 
feed level to control rate of gain at approximately 0.75 lb . per day (Group I) , 
1.25 lb . p er day ( Group II)  and 1.75 lb . per day (Group III) . The boars were fed 
a 14% corn-soy diet once daily in individual crates , provided water ad libitum 
and housed in adj acent pens . Feed levels were adj us ted bimonthly depending upon 
weight gains . 
B oars were teased with es trus females twice weekly beginning at 5 months o f  
age . A boar was classified to have reached puberty when an ejaculate containing 
motile sperm cells could be ob tained by the gloved hand collection technique . 
At one year o f  age, libido and fertility were es timated by breeding each b oar 
to 6 or 7 gilts . Libido was es timated by determining the time it required for 
the boar to detect a gilt in es trus and to complete copulation . Fertility was 
es timated by determining the embryo survival of 30 to 35 day pregnant gilts . 
Results 
The actual growth rates ob tained are shown in figure 1. During the experi­
mental period o f  Sep tember through March, the average daily gains were 1.0 , 1 .3 
and 1.5 lb . per day for Groups I ,  II and III, respectively . 
Age at puberty of boars in Groups II  and II I, along with one boar in Group I ,  
ranged from 167 to 1 85 days ( table 1) . Boar 73-8 in Group I did not reach puberty 
until 262 days of age . 
Differences in libido of thes e boars are shown in table 2. Boars grown at 
the s lower rate (Group I) tended to take longer to detect gilts in es trus and 
s lightly longer to gain intromission than boars in Groups II  and III. There were 
5 
no differences in lib ido between Groups II and III .  This is a crude es timate 
of libido but indicates that a slight depression might occur subsequent to under 
nutrition . Similar results have b een reported in bulls . 
Subsequent to the different nutritional regimes, there was no indication 
of an alteration in fertility ( table 3) . There were no significant differences 
in pregnancy rate or embryo survival among any o f  the treatment groups . 
Swnmary 
Preliminary results gathered from six related crossbred boars suggest that 
growing boars at or near 1 lb . per day may increase age at puberty and depress 
libido but does not appear to alter subsequent fertility . 
Table 1 .  Influence of Growth Rate on 
Age of Puberty in Boars 
Age 
at 
Treatment puberty 
group Boar ( days) 
I 73-8 262  
7 7-7 185 
II 73-10 183 
77-3 16 7 
I II 73-7 171 
7 7-4 171 
6 
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Tab le 2 .  Influence of Growth Rate from 3 to 12 Months 
of Age on Libido at 12 Months of Age 
Detection Intromission Ej aculation 
Treatment time a timeb timec 
group (minutes) (minutes) (minutes) 
I 3 . 4  2 . 8  4 . 8 
II 1 . 9  2 . 0 4 . 7  
III 1 . 9  1 . 8  5 . 7 
a Detection time is the period of time from entering the pen 
until the boar located a gilt in es trus . 
b Intromission time is that period of time from detecting 
the gilt in es trus until gaining intromission . 
c Ej aculation time is that period o f  time from intromission 
until dismounting from the gilt . 
Table 3 .  Influence o f  Growth Rate From 3 to 12 Months of Age 
on Subsequent Fertility 
No . gilts 
pregnant No . embryos No . live 
per per per 
no . bred no . CL a no . CL a 
14/14  175/205 ( 85 . 4%) 170/205 (82 . 9%) 
11/12 138/158 ( 87 . 3%) 138/158 ( 87.3%) 
10/11 141/163 ( 86 . 5%)  139/163 ( 85 . 3%) 
a CL implies corpus luteum which can be used to es timate the number o f  eggs 
shed ( ovulation) . 
7 
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Figure 1. Average body weights for individual 
treatment groups during the growing 
period. 
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South Dakota S tate University 
Brookings , South Dakota 
Department of Animal Science 
Agricultural Experiment S tation 
A . S .  Series 71-31 
Opaque-2 Corn in a Free-Choice Feeding Sys tem 
for Growing-Finishing Swine 
Richard C .  Wahls trom and George W .  Libal 
Experiments conducted during the pas t few years have shown opaque-2 corn 
to have a higher nutritional value than normal corn .  I t  is known that a higher 
content o f  the essential amino acid lysine is one o f  the reasons for the increas ed 
value of opaque-1_ corn when fed to swine . Certain other essential amino acids 
are also present in higher amounts than in normal corn . I t  was reported at the 
1970 South Dakota S tate University Swine Field Day (A . S .  Series 70-29) that opaque-1. 
corn could b e  fed free-choice to growing swine . The experiment reported herein 
was conducted to ob tain further information on feed consump tion and performance of 
growing-finishing pigs fed opaque-±_ or normal corn free-choice with two different 
p rotein supplements . 
Experimental Procedure 
Sixty crossbred , female pigs averaging approximately 50 lb . were allotted 
into 12 lots on the basis of weight and litter . The pigs were housed in inside , 
concrete-floored pens with access to outside concrete lots where the feeders were 
located . The experiment was conducted during the winter of 1970-71 from mid­
November to early March . 
The composition of the protein-mineral-vitamin-antibiotic supplement is shown 
in table 1 .  Supplement A was a combination plant and animal protein supplement 
while supplement B was composed of soybean meal only as the protein source . Protein 
contents of supplements A and B were 39.5 and 38 . 0% , respectively . Both supple­
ments contained approximatley 3 . 35% calcium and 1 . 9% phosphorus . 
Three lots of pigs were randomly assigned to each of the four treatments 
which were: 
1 .  Normal corn and supplement A free-choice . 
2 .  Opaque-±_ corn and supplement A free-choice . 
3 .  Normal corn and supplement B free-choice . 
4 .  Opague-1_ corn and supplement B free-choice . 
Results 
A summary of the growth and feed data is shown in tab le 2 .  There were essen­
tially no differences in rate of gain of any of the treatment groups . Pigs fed 
opaque-±_ or normal corn free-choice gained at an equal rate as did pigs fed supple­
ment A or B. 
Considerable variation exis ted in feed consumption . Difficulty was encountered 
in adjus tment of feeders at a level that feed could be ob tained and was tage would 
not occur . Because of this variation even within treatment groups the differences 
are not s tatis tically significant.  Howeve r ,  there appeared to be a trend toward 
9 
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reduced consump tion o f  supplement A when pigs were fed opaque-±_ corn . This dif­
ference was also noted in the previous year's experiment . When the soybean meal 
supplement (supplement B) was fed ,  no difference exis ted in consumption of the 
two supplements . Total feed consump tion was reduced by 1 . 1 and 0 . 7  lb . per day 
when opaque-±_ corn was fed free-choice with supplements A and B ,  respectively , 
compared to supplement consumption o f  pigs fed normal corn . 
Pigs fed the opaque-±_ corn required less feed per unit of gain than those  
pigs fed the normal corn since both groups gained at  an equal rate but those  pigs 
fed opaque-±_ corn were consuming less feed . 
Smnmary 
Each experimental group in this trial consis ted of three lots of 5 weanling 
pigs . Pigs fed normal or opaque-±_ corn and supplement free-choice grew at s imilar 
rates . However , those pigs having free access to opaque-±_ corn required less feed 
per gain than pigs fed normal corn free-choice . 
There was essentially no difference in daily gain or feed per gain when pigs 
were fed a supplement composed of both plant and animal protein or a plant protein 
(soybean meal) source only . Less of the animal-plant protein supplement was con­
sumed by pigs fed opaque-±_ corn . All treatment groups did consume somewhat excess ive 
amounts of supplement . However , some was tage also occurred . 
Table 1 .  Composition o f  Supplements , Percent 
Ingredient 
Soybean meal , 44% 
Meat and bone meal , 50% 
Dehydrated alfalfa meal , 17% 
Dicalcium phosphate 
Ground limes tone 
Trace mineral salt , 1% zinc 
Vitamin-antib iotic mixa 
A 
6 3 . 1  
20 .0  
10 . 0  
3 . 0 
1 . 0 
2 . 5  
0 . 4 
Supplement 
B 
86 . 1 
7 . 5 
3 . 5  
2 . 5 
0 . 4 
a Provided 6 , 800 I . U .  vitamin A ,  2 , 000 I . U .  vitamin D ,  8 mg . rib oflavin , 16 mg . 
calcium pantothenate , 36 mg . niacin , 40 mg . choline , 20 mcg . vitamin B12 and 
50 mg . aureomycin per pound . 
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Tab le 2 .  Results of Feeding Opaque-£ Corn Free-Choice 
to Growing-Finishing Swine 
Normal Opaque-£ Normal 02ague-£ 
Corn su22lement A A B B 
Number o f  pigsa 15 15 13 14 
Avg . initial wt . , lb . 49 . 8  49 . 9  50 . 0  49 . 9  
Avg . final wt . , lb . 196 . 7 193 . 0  190 . 8  188 . 2  
Avg . daily gain, lb . 1 . 45 1 . 46 1 . 4 5  1 .41  
Avg . feed con . I day , lb . 
Corn 3 . 84 3 . 58 4 . 15 3 . 41  
Supplement 1 . 5 7  0 . 73 1 . 19 1 . 23 
Total 5 . 41 4 . 31 5 . 24 4 . 64 
Avg . feed/gain , lb . 3 . 73 2 . 95 3 . 6 7  3 . 29 
a Three replicated lots o f  5 gilts per treatment . 
11 
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South Dakota S tate University 
Brookings , South Dakota 
Department of Animal Science 
Agricultural Experiment S tation 
A . S . Series 71-32 
Effect of Cooked Soyb eans and Type of Housing on 
Growth Performance and Carcass Characteris tics of Swine 
R .  C. Wahls trom ,  G .  W .  Libal , J .  F .  Fredrikson and R .  M .  Luther 
Raw soybeans are an unsatisfactory source of protein for growing pigs b ecause 
of the presence of a tryps in inhibitor . This inhib itor causes poor utilization 
of essential amino acids by the pig and subnormal growth results . This inhibitor 
present in raw soybeans is des troyed by heat in the processing of soybean meal 
or in cooking the raw beans to a temperature of at leas t 225° F .  Development 
of equipment capable of rapid cooking of soyb eans on the farm has increased the 
interes t of many swine producers in the feeding of cooked soyb eans . 
Previous research conducted at the Southeas t South Dakota Experiment Farm 
had shown very little difference in rate of gain o f  growing pigs housed in totally 
confined or in open-front buildings . However ,  approximately 9% less feed was 
required when pigs were housed in the confinement buildings . The present experiment 
was conducted to ob tain further information on the effect of cooked soybeans in diets 
for growing pigs when housed in a controlled environment confinement building or an 
open-front building with waterers and feeders in an outside concrete lot .  
Experimental Procedure 
Seventy-two crossbred pigs ( 40 barrows and 32 gilts ) were randomly allotted 
to two replications of four treatments on the basis of litter , weight and sex .  
Average initial weights for replicates 1 and 2 were 93 . 4  and 58 . 6  lb . ,  respectively . 
The four treatments were : 
1 .  Confinement building , soybean meal in die t .  
2 .  Confinement building , cooked soybeans in diet . 
3 .  Open-front building , soybean meal in die t .  
4 .  Open-front building , cooked soybeans in diet .  
The diets fed up to an average weight of 120 lb . contained 16% protein . Protein 
content was reduced to 13% in the diets fed during the finishing phase , 120 lb . to 
market weight .  The composition of the diets is shown in table 1 .  
The totally confined house was a fully insulated , ventilated , slotted floor 
house . The temperature was maintained between approximately 50 and 60° F .  The 
open-front house was a pole type building , open to the eas t ,  with concre te floor 
and outside concrete feeding floo r .  A partition , approximately three feet high , 
confined the pigs to a sleeping area at the rear of the house that was bedded with 
s traw . The experiment was conducted during the winter months from December 8 to 
March 3 .  
Fifty-one pigs ( 39 barrows and 12 gilts) were slaugh tered at the termination 
of the experiment and carcass data were ob tained for carcass length , backfat , 
loin eye area and ham-loin percent . The gilts were not all slaughtered because 
some were retained for the breeding herd . One barrow failed to weigh 200 lb . 
at the termination o f  the experiment and was no t included in the carcass data . 
12 
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Results 
A summary of the results of this experiment is presented in table 2 .  Table 3 
summarizes the data as to the effects o f  housing type or dietary treatment . The 
growth performance data are shown for each replicate since there was a large differ­
ence in initial s tarting weights between replicates . Rate of gain was not signifi­
cantly different between replicates . However ,  the heavier pigs in replicate 1 did 
consume lIX)re daily feed and were less efficient in feed conversion than the ligh ter 
pigs of replicate 2 .  These differences are to be expected as heavier pigs have 
a greater maintenance requirement and require more feed to produce a unit of gain . 
Pigs fed in confinement gained significantly faster than those housed in the 
open-front building ( 1 . 99 vs . 1 . 73 lb . per day) . This is the firs t year that a 
difference of this magnitude has been observed . I t  was consis tent as the four lots 
in the confined house had average gains of from 1 . 89 to 2 . 11 lb . per day while those 
lots in the open-front building gained from 1 . 6 7 to 1 . 78 lb . per day . Differences 
between this experiment and previous ones were heavier initial weights , later 
s tarting date and a colder than average January . It is possible that these factors 
may have had some effect on the growth of the pigs fed in this experiment . 
Feed per gain was improved 8% when pigs were fed in the confined hous e .  This 
is similar to the differences reported in previous experiments . However , actual 
feed required per pound of gain in this experiment was less in both housing types 
than in previous experiments . I t  is possib le that the improved feed/gain ratio 
is a reflection of the fas ter gains observed in the present experiment . Type o f  
housing had little effect on carcass characteris tics . The 0 .11 inch greater backfat 
present on carcasses of pigs fed in the confined building was probab ly a reflection 
of the fas ter rate of gain of these pigs . 
The performance o f  pigs fed soybean meal or cooked soybeans as a protein source 
did not differ . All pigs gained at a very accep table rat e .  The diet containing 
cooked s oybeans should have had a higher energy content due to the fat content o f  
soybeans . However ,  this higher energy content did not re flect itself in an improved 
feed/gain ratio . Previous work at this s tation had shown an improvement of about 
6% in feed efficiency when cooked soybeans replaced soybean meal in the diet of 
growing pigs . 
Carcass characteris tics of pigs fed the two diets were very similar . There 
was a trend toward slightly greater backfat on carcasses from pigs fed the cooked 
s oybean diet ( 1 . 39 vs. 1 . 30 inches) .  This difference would reflect the higher 
energy content of the cooked s oybean die t .  
Table 4 shows the value of properly cooked soybeans a t  various corn and soy-
bean meal prices . To obtain a comparative value of raw soybeans the cos t of 
·
processing 
( cooking and grinding) mus t be sub tracted from the cooked value . For each dollar per 
ton processing cost , it is necessary to sub tract 3 cents per bushel from the value 
o f  the cooked beans to obtain the value o f  raw beans . Therefore , if the cooking 
cos t  was $10 per ton , it would decrease the value o f  raw soybeans by 30 cents per 
bushel . 
Summary 
Seventy-two crossbred pigs were used to s tudy the effect o f  type of housing 
and cooked soybeans as a dietary protein source . In this experiment rate of gain 
and feed per gain were significantly improved when pigs were housed in a totally 
1 3  
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confined house compared to open-front housing during the winter months . Growing­
finishing pigs fed diets containing cooked soybeans or soybean meal had similar 
rates of gain and feed/gain ratios . 
The fas ter gaining pigs in confinement had slightly more carcass backfat than 
those  pigs housed in open-front buildings . The backfat of carcasses from pigs 
fed diets containing cooked soybeans was slightly greater than that of pigs fed 
soybean meal diets . There were no differences in other carcass characteris tics 
between treatments . 
Table 1 .  Composition of Diets (Percent) 
To 120 lb . 120 to 210 lb . 
Diet A-1 B-1 A-2 B-2 
Ground yellow corn 7 2 . 2  76 . 5  82 . 5  85 .0  
Ground cooked soybeans 2 5 . 0  14 . 7  
Soybean meal , 44% 20 . 7  12 . 2  
Ground limes tone 0 . 55  0 . 55 0 .9 0 . 9 
Dicalcium phosphate 1 . 5  1 . 5  1 . 15  1 . 15  
Trace mineral salt 0 . 5  0 . 5 0 . 5 0 . 5  
Vitamin-antib io tica 0 . 25 0 . 25 0 . 25 0 . 25  
a Provided per lb . of  diet: 1500 I .U .  vitamin A ,  150  I .U .  vitamin D,  1 mg . 
riboflavin, 2 . 5  mg. calcium pantothenate ,  7 . 5  mg .  niacin , 50 mg. choline , 
5 mcg .  vitamin B12 and 5 mg . oxytetracycline per pound o f  die t .  
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Table 2. Cooked Soybeans in Diets for Pigs Housed 
in Confinement or Open-Front Buildings 
Diet 
No . of  pigsa 
Avg . daily gain , lb . 
Rep 1 
Rep 2 
Avg . feed consumed , lb . 
Rep 1 
Rep 2 
Avg . feed/gain , lb . 
Rep 1 
Rep 2 
Carcass data 
No . of  pigs 
Avg . length , in . 
Avg . backfat , in . 
Avg . loin eye area , 
sq. in . 
Avg . ham-loin , % 
a Two replicates o f  9 pigs 
lb . for replicates 1 and 
210 lb . 
Confinement 
Soybean Cooked 
meal soybeans 
18 18 
1.93 1.89 
2.00 2.11 
6.32 6.29 
5.94 6.09 
3.27 3.33 
2 .97 2.89 
13 13 
30.1 29.6 
1.35 1.44 
4 .59 4.86 
39.22 39.07 
Open-front 
Soybean Cooked 
meal soybeans 
18 18 
1.72 1.67 
1. 78 1. 74 
5.92 5 .92 
5.56 5. 71 
3.47 3.54 
3.13 3.28 
12 13 
29.9 29.9 
1.24 1.34 
5.21 4.79 
39.78 39 .32 
each per treatment . Avg . initial wt . ,  93.4 and 58.6 
2 ,  respectively . Avg . final weights approximately 
Table 3. Effect of Housing and Diet on Swine Performance 
Housing Diet 
Confine- Open- Soybean Cooked 
ment front meal soybeans 
No o f  pigsa 36 36 36 36 
Avg . daily gain , lb . 1.99 1. 73 1.86 1.85 
Avg . feed/gain, lb . 3.09 3.34 3.19 3.23 
Carcass data 
No . of pigs 26 25 25 26 
Avg . length , in . 29.9 29.9 30.0 29.8 
Avg . backfat , in . 1.40 1.29 1.30 1.39 
Avg . loin eye area ,  4. 73 4.99 4.89 4.83 
sq . in . 
Avg . ham-loin , % 39.14 39.54 39 .4 9 39 .20 
a Four lots of 9 pigs (5 barrows and 4 gilts) per treatment .  
15 
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South Dakota S tate Univers i ty 
Brookings , South Dakota 
Department of Animal S cience 
Agricultural Experiment S tation 
A.S . Series 71-33 
Copper , Zinc and Vitamin E Supplementation in 
Diets of Growing-Finishing Swine 
Richard C. Wah ls trom and George W. Lib al 
Pigs gain at a s omewhat fas ter rate when die ts are supplemented with copper 
at a level of 250 parts per million (ppm). Other minerals appear to interact 
wi th copper in the metab olism of the pig. It has been observed that zinc supplied 
in the diet with copper decreased the amount of copper s tored in the liver. One 
of the objectives of this s tudy was to ob tain further information on the value of 
copper in swine diets and to determine the effect of a high level of zinc on liver 
copper s torage. Another ob jective of this experiment was to s tudy the effect 
of supplemental vitamin E in swine diets . Although s ome experiment s tati ons have 
reported vitamin E deficiencies in pigs , a previous report from this s tation (A.S .  
Series 70-32 , 1970 Swine Field Day) did not indi cate any value o f  supplemental 
vitamin E in diets for growing-finishing pigs. 
Experimental Procedure 
S ixty crossbred pigs averaging approximately 43 lb . were randomly allotted 
to two replications of six treatments on the b asis of li tter , weigh t  and s ex. 
Each lot cons is ted of five pigs , three b arrows and two gi lts. The pigs were housed 
in a building having concrete floors and automatic waterers in the pens. Self­
feeders were located in connecting outside , concrete lots. 
The s ix dietary treatments were as follows: 
1. Basal diet. 
2. Basal die t  plus vitamin E ,  10 I.U./lb . 
3. Basal die t plus zinc , 500 ppm. 
4. Basal diet plus copper ,  250 ppm. 
5. Basal die t  plus vitamin E and copper at above levels. 
6. Basal diet plus zinc and copper at ab ove levels .  
The composi tion of the b as al die t is shown i n  tab le 1. 
The pigs were removed from their respective treatments at individual weights 
of approximately 210 lb . The pigs were s laughtered ab out 24 hours later. Feed 
was wi thheld during this period,  but they did have access to water. Blood and 
liver s amples were ob tained at the time of s laugh ter. After a 24-hour chill , 
carcasses were weighed and measured for length , backfat thickness ,  loin eye area 
and percent ham and loin. 
Results 
A summary of the growth p erformance and carcass data is presented in tab le 2. 
Pigs fed diets containing supplemental zinc , copper or b oth zinc and copper gained 
somewhat fas ter than those pigs fed the b asal diet or this diet supplemented with 
vi tamin E. However , there were no s tatis tically significant differences in gains 
of pigs. Pigs fed the zinc and copper diets consumed s ligh tly more feed daily. 
However , the feed/gain ratio was similar and did not differ between treatments. 
1 7  
- 2 -
The carcass data ob tained showed s ome variation between treatments, but these 
differences were s mall. There were no significant differences in carcass length, 
backfat thickness, loin eye area or ham and loin percent. 
A summary of the b lood and liver data is presented in tab le 3. A reduction in 
the weigh t of livers from pigs fed zinc or copper was ob tained. A similar decrease 
in liver weigh t was obs erved in the previous trial; however, the significance 
of this change is unknown. Liver copper s torage was much higher when pigs had 
received the diets containing 250 ppm of copper. Some reduction in liver copper 
was noted when zinc or vitamin E was included in the high copper diets. Liver 
zinc did not appear to be markedly affected by supplemental zinc. Average liver 
zinc levels were quite high, approximately 250 to 350 ppm , and may b e  related 
to the level of 100 ppm of supplemental zinc in the b asal diet. Plasma copper, 
plasma zinc, hemoglobin and hematocrit were not affected by dietary treatment. 
Summary 
Sixty crossbred pigs, 36 b arrows and 24 gilts, were allotted to six treatment 
groups to s tudy the effect of vitamin E, copper, zinc and combinations of these 
ingredients upon average daily gains, feed consumption and efficiency, carcass 
data and b lood and liver characteris tics. 
Rates of gain for those pigs fed diets containing zinc and/or copper were 
higher but not significantly s o. Supplementing the diet with 10 I.U. of vitamin 
E per lb. was of no benefit. Feed efficiency and carcass characteris tics were 
not affected by the addition of any of these supplements. Plasma copper, plasma 
zinc, hemoglobin, hematocrit and liver zinc values were not affected by treatment. 
S torage of copper in the liver was increased when diets contained 250 ppm of copper 
and liver weigh ts were reduced when pigs were fed either s upplemental zinc or 
copper. 
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Tab le 1. Compos ition of Basal Diet 
Ingredients Percent 
Ground yellow corn 
Soyb ean meal 
Ground limestone 
Dicalcium phosphate 
S alt 
Trace mineral mixa 
Vitamin mixb 
82.80 
15.00 
0. 75 
0.85 
0.50 
0.05 
0.05 
a Provided 100 ppm zinc, 50 ppm iron , 27.5 ppm 
manganese, 5 ppm copper , 0.5 ppm cobalt and 
0.75 ppm iodine. 
b Provided 3 , 000 , 000 I.U. vitamin A ,  300 , 000 I.U. 
vitamin D ,  2.9 gm. riboflavin, 6.1 gm. pantothenic 
acid , 15 gm. niacin, 16.7 gm. choline and 16 mg. 
vitamin B12 per ton. 
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Table 2. Effect of Copper , Zinc and Vitamin E on Performance 
and Carcass Characteristics of Swine 
Copper Copper 
Basal Vitamin E Zinc Copper + E + zinc 
No. of pigsa 9 9 10 9 10 10 
Avg. daily gain , lb. 1.61 1.54 1.67 1. 70 1.67 1. 70 
Avg. feed consumed , lb. 5.35 5.32 5.54 5.66 5.76 5.73 
Avg. feed/gain, lb. 3.52 3.4 3 3.35 3.35 3.45 3.45 
Carcass data 
Avg. length , in. 29.8 29.6 30.0 29.5 29.7 29.5 
Avg. backfat , in. 1.25 1.18 1.30 1.23 1.31 1.28 
Avg. loin eye area , sq. in. 4.9 4.8 4.7 4.6 4.8 4.9 
Avg . ham-loin , p ercent 41.8 41.3 40.5 41.8 40.8 41.3 
N .i::-0 a Two lots of 5 pigs per treatment , approximate initial weigh t ,  43 lb. ,  average final weight, 212 lb. 
t0 � 
Table 3. 
Liver weight,  lb . 
Liver copper , ppm 
Liver zinc , ppm 
Plasma copper, ppm 
Plasma zinc , ppm 
Hematocrit ,  % 
Hemoglobin , g. /100 ml. 
Effect of Copper , Zinc and Vitamin E on Liver and Blood Characteris tics 
Copper 
Basal Vi tamin E Zinc Copper + E 
3. 19 3. 05 2. 88 2. 73 2. 78 
16.96 15. 46 16. 33 161 . 54 105 .so 
300. 20 256 . 92 295.46 298 .42 323. 08 
2. 02 1. 99 2. 03 2. 14 2. 30 
1 . 18 1. 11 1. 34 1. 10 1 . 40 
44. 86 41. 94 43. 4 3  45. 22 46. 04 
14 . 29 13. 81 14 . 71 13. 90 14 . 35 
Copper 
+ zinc 
2. 88 
102. 25 
359. 83 
2. 25 
1. 32 
46. 19 
13. 93 
V1 
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Effect of Antib iotic at Various Levels on Performance of 
Pigs Fed on Concre te or in Dirt Dry Lot 
R. C. Wahls trom , G. W. Libal and L. R. Dunn 
Antib iotics have been used in swine feeds to improve growth and feed effi­
ciency for approximately 20 years. It was the purpose of this experiment to re­
evaluate the effectiveness of aureomycin and to de termine if a difference in the 
respons e to the antib iotic could be ob tained if pigs were confined on concrete 
or in dirt dry lots. 
Experimental Procedure 
Eighty crossbred pigs were allotted to replicate groups of four treatments 
each on the basis of li tter , sex and weigh t. Each lot consis ted of six gilts and 
four barrows and had an average initial weigh t  of approximately 23 lb. One replicate 
of four lots was housed in a conventional house wi th concre te floors and had access 
to an outside concrete lot. The other replicate was maintained in dirt dry lot 
with access to wooden portab le shelters. Feed and water were avai lab le ad lib itum 
to all pigs . 
The aureomycin treatments were as follows: 
1. None 
2. 25 g./ton to 110 lb . ,  10 g./ton from 110 lb. to market weigh t. 
3. 50 g./ton to 110 lb. ,  20 g./ton from 110 lb . to market weight. 
4. 100 g./ton to 110 lb .,  40 g./ton from 110 lb . to market weigh t. 
The composi tion of the b as al die t is shown in table 1. The diet was cal­
culated to contain 16% protein until the pigs weighed 110 lb. and 12% protein 
for the remainder of the experiment. 
Results 
Average daily gain and feed per gain dat a  are summarized by lots in table 2 
and by treatment in table 3. The only effect of feeding the antib iotic occurred 
during the early growing p eriod. During the growing phase ,  23 to 110 lb. average 
weigh t ,  pigs fed feed containing aureomycin gained approximately 1.35 lb. per day 
and had a feed/gain ratio of 2.43 compared to a 1.26 lb. per day gain and a feed/gain 
ratio of 2. 53 for pigs fed the basal diet. There were no differences in performance 
of pigs fed the various levels of aureomycin. Gain and feed efficiency were not 
s ignificantly different during the finishing phas e ,  110 lb . to marke t weigh t. 
This resulted in only small , nons ignificant differences due to the feeding of 
aureomycin during the entire experiment. 
Pigs reared in confinement on concre te floors and those reared in dirt dry 
lots grew at similar rates and required nearly the same amount of feed per unit 
of gain. This was true during b oth the growing and finishing phases of this 
experiment. 
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Summary 
An experiment was conducted using 80 crossb red b arrows and gilts to study the 
effect of dif ferent levels of supplementary aureomycin on performance of growing­
finishing pigs. Aureomycin levels were 0, 25, 50 and 100 g. per ton during the 
growing phase and O, 10, 20 and 40 g. per ton during the finishing phase. A 
comparison was also made of pigs reared in concrete confinement facilities or 
in dirt dry lot. 
A small improvement in rate of gain and feed per gain occurred when aureomycin 
was fed in the growing diet. However , no benefit was derived from including the 
antibiotic in the finishing diet. A level of 20 g. per ton of aureomycin in the 
growing diet and 10 g. per ton in the finishing diet was equally as effective 
as the higher levels used in this experiment. Pig perfonnance was simi lar when 
reared on concrete or dirt lots . 
The results of this experiment indicate that there may be very little respons e 
when antibiotics are fed to pigs in herds where they have been fed routinely for 
prolonged periods and no particular disease prob lems exist. The results also 
confirm the early antib iotic work that showed the greatest respons e from anti­
b iotics was obtained during the early growth phas e. 
Table 1. Composition of Basal Diets (Percent) 
Ground yellow corn 
Soyb ean meal (48%) 
Dicalcium phosphate 
Limestone 
Trace mineral s alt 
Vitamin premixa 
To 
lW Th. 
79.4 
17.7 
1.7 
0.5 
0.5 
0.2 
110 lb . 
to market 
89.8 
7.9 
1.1 
0.5 
0.5 
0.2 
a Provided 1, 350 I . U. vitamin A ,  200 I.U. vitamin D ,  2 mg. riboflavin , 4 mg. 
calcium pantothenate , 9 mg. niacin , 10 mg. choline and 7 mcg. vitamin Biz per 
lb . of diet. 
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Tab le 2. Performance of Growing-Finishing Pigs Fed Various Levels of 
Aureomycin on Concrete or in Dirt Lotsa 
Aureomycin, g./ton 
Concrete lots 
0 
25- 10 
50-20 
100-40 
Dirt lots 
0 
25-10 
50-20 
100-40 
Avg. dailI gain2 
23- 110-
110 lb. 210 lb. 
1.24 1.92 
1.34 1.91 
1.35 1.68 
1.35 1.87 
1.28 1. 78 
1.35 1. 75 
1.37 1. 78 
1.35 1.89 
lb. Feed/gain2 
23- 23- 110-
210 lb. 110 lb. 210 lb. 
1.54 2.52 3.48 
1.59 2.52 3.83 
1.52 2.40 3.50 
1.58 2.39 3.67 
1.51 2.55 3. 71 
1.55 2.33 3.74 
1.56 2.52 3.59 
1.61 2.39 3.68 
a Ten pigs per lot. Avg. ini tial wt., 23 lb.; avg. final wt. , 210 lb. 
Tab le 3. Summary of Gain and Feed Efficiency by Aureomycin 
Level and Management Sys tem 
lb. 
23-
210 lb. 
3.03 
3.20 
3.00 
3.08 
3.18 
3.11 
3.04 
3.13 
Aureomicin level2 g./ton Management 
25- 50- 100- Concrete Dirt 
0 10 20 40 lot lot 
No. of pigs 20 20 20 20 40 40 
Avg. daily gain , lb. 
23 to 110 lb. 1.26 1 .35 1.36 1.35 1.32 1.34 
110 to 210 lb • 1.85 1.83 1. 73 1.88 1.84 1.80 
23 to 210 lb. 1.53 1.57 1.54 1.60 1.56 1.56 
Feed/gain , lb. 
23 to 1 10 lb. 2.53 2.43 2.46 2.39 2.46 2.45 
110 to 210 lb • 3.59 3.78 3.54 3.67 3.62 3.68 
23 to 210 lb. 3.11 3.15 3.02 3.11 3.08 3.11 
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Effect of Lysine and Methionine Supplementation on Performance 
and Carcass Characteris tics of Growing-Finishing Swine 
R. C. Wahls trom , G. W. Lib al and J. F. Fredrikson 
Lysine and methionine are two of the essential amino acids for swine that 
are thought to be mos t limi ting in com-s oybean meal diets. Previous research 
at the Southeas t South Dakota Experiment Farm indicat ed that lysine improved diets 
that were low in protein,  but pigs fed low protein diets plus lysine did not gain 
as rapidly as did those receiving high protein diets . 
The objective of the experiment reported herein was to s tudy the effect of 
lysine and methionine supplementation when added to diets at levels equal to that 
present in a s imilar diet containing 2 or 4% more protein. 
Procedure 
Seventy-two weanling pigs averaging approximately 47 lb. were divided i nto 
12 lots of s ix pigs each. Each lot contained three barrows and three gilts. Four 
replicate lots received each of the following dietary treatments: 
1. 16% protein diet reduced to 14% protein at 110 lb. 
2. 14% protein diet reduced to 12% at 110 lb. plus 0. 16% L-lysine and 
0. 03% methionine. 
3. 12% protein diet reduced to 10% at 110 lb. plus 0.31% L-lysine and 
0. 05% methionine. 
All diets contained the same amount of lysine and methionine. Composi tion 
of the diets is shown in table 1. 
Pigs were weighed weekly and individual pigs were removed from the experiment 
when they weighed over 205 lb. on the weekly weigh day. These pigs were marketed 
at John Morrell and Co. , S ioux Falls , South Dakota, where carcass data were ob tained. 
Several pigs in treatment 3 did not reach this final weigh t figure by the time 
the experiment was terminated. Therefore , only 14 pigs are included in the carcass 
data for treatment 3. 
Carcass data were ob tained after the carcass es had been cooled for approxi­
mately 24 hours. Data collected were carcass length , b ackfat , percent ham and 
loin and area of the longissimus dorsi mus cle (loin eye). 
Results 
Growth performance data are summarized in table 2 and carcass data in tab le 3. 
During the growing phase pigs fed the 16% protein diet gained 8% fas ter than those 
pigs fed the 14% diet and 31% fas ter than those fed the 12% protein diet , even 
though all diets contained equal amoun ts of lysine and methionine. These results 
would indicate that either other amino acids are deficient in these low protein 
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diets or that the b alance of amino acids is not correct for maximum growth when 
lysine and methionine are supplemented to low protein die ts. During the finishing 
phase pigs gained at similar rates , 1.66 lb. per day , when fed 14 or 12% protein 
diets , but thos e fed the 10% protein diet gained considerab ly slower , 1.25 lb . 
per day. For the entire experimental period gains were 1.64 , 1.59 and 1.25 lb. 
per day for pigs fed the 16 , 14 and 12% protein diets , respectively. 
Feed per gain increased as the protein level of the die t decreased. During 
the growing phas e pigs required 2.84 , 2.90 and 2.99 lb. of feed per pound of gain 
when fed the 16 , 14 or 12% protein die ts , respectively. Feed per gain for the 
finishing period was 3.51 , 3.69 and 4.06 lb. of feed per pound of gain. For the 
entire trial, approximately 4 and 10% more feed was required by the pigs fed the 
14 and 12% protein diets , respectively , compared to thos e pigs fed the 16% protein 
diet. 
Carcasses from pigs fed the low protein die t had s ligh tly more backfat , les s  
percent ham and loin and smaller loin eye areas. The data were similar t o  that 
ob tained in previous experiments. However , the magnitude of the differences was 
not as great. There are two possib le explanations as to why low protein diets 
did not cause as severe an effect on carcass characteris tics in this trial. Only 
14 of 23 pigs were represented in the data. These were the fas tes t gaining pigs 
in this treatment and thus may not be a true representative average of all pigs 
fed the low protein diets. Another reason that may account for s omewhat less 
effect on carcass quality is that the low protein diet was s upplemented with lysine 
and methionine. O ther work at the South Dakota experiment station has indicated 
an improvement on carcass quality due to supplemental lysine. 
Summary 
Pigs fed low protein diets , 12% to 110 lb. and 10% from 110 lb. to market 
weigh t ,  supplemented with lysine and me thionine to a level equal to that in 16 to 
14% p rotein diets gained s lower , required more fe ed per unit of gain and produced 
carcass es with more backfat , less percent ham and loin and smaller loin eye areas 
than pigs fed 16 to 14% protein diets or 14 to 12% protein die ts plus supplemental 
lysine and me thionine. 
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Tab le 1. Composition of Diets (Percent) 
Treatment no . 
Ground yellow corn 
Soybean meal (44%) 
Dicalcium phosphate 
Limes tone 
Trace mineral salt 
Vitamin-antibiotic 
premixa 
Lysine-me thionine 
premix 
Calculated analysis 
Crude protein , % 
Lysine , % 
Methionine , % 
Calcium , % 
Phosphorus , % 
Weaning to 110 lb . 
1 2 3 
763 
208 
16.5 
5 
5 
2.5 
16.0 
0.81 
0.29 
0.65 
0.65 
817 
143 
17.5 
5 
5 
2.5 
10 
14.0 
0.81 
0 .29 
0.66 
0.65 
871 
87 
18.5 
5 
5 
2.5 
11 
12.0 
0.81 
0 .29 
0.67 
0.65 
110 lb . to market wt . 
1 2 3 
823 
150 
14.5 
5 
5 
2.5 
14.0 
0.66 
0.27 
0.59 
0.60 
877 
86 
14.5 
5 
5 
2.5 
10 
12.0 
0.66 
0.27 
0.58 
0.58 
932 
29 
15.5 
5 
5 
2.5 
1 1  
10.0 
0.66 
0.27 
0.59 
0. 57 
a 
Provided 1 , 500 I.U. vitamin A ,  150 I.U. vitamin D ,  1 mg. riboflavin , 2.5 mg . 
calcium pantothenate ,  7.5 mg . niacin , 50 mg .  choline , 5 mcg . vitamin B12 and 
5 mg. oxy te tracycline per lb . of diet . 
Tab le 2. Growth Performance of Pigs Fed High , Medium and Low Protein Diets 
of Equal Lysine and Me thionine Content 
No . of pigsa 
Avg . initial w t . , lb .b 
Avg . final wt. , lb . 
Avg . daily gain, lb . 
Avg . feed cons ./day ,  lb . 
Feed/ gain , lb . 
High 
protein 
(16-14%) 
24 
46. 7 
210.3 
1.64 
5.30 
3.23 
Medium 
protein 
+ lysine and 
methionine 
(14-12%) 
24 
47.0 
210.5 
1.59 
5 .35 
3.36 
Low 
protein + 
lysine and 
methionine 
(12-10%) 
23 
46.9 
184.3 
1.25 
4.45 
3.55 
a Four replicates of 6 pigs each per treatment . One pig died on low protein 
die t .  
b Avg . initial weights were 53.3 , 41.8 , 46.2 and 46.2 lb . for replicates 1 ,  2 ,  
3 and 4 ,  respectively . 
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Tab le 3. Effect of Dietary Protein on Carcass Characteris tics 
No. of carcasses 
Cold carcass wt. ,  lb. 
Avg. length , in. 
Avg. percent ham and loin 
Avg. loin eye area , sq. in. 
High 
protein 
(16-14%) 
24 
153.5 
30.3 
37 .25 
3.70 
2 8  
Medium 
protein 
+ lysine and 
methionine 
(14-12%) 
24 
155.0 
30.4 
37 .95 
3.82 
Low 
protein 
+ lysine and 
methionine 
(12-10%) 
14 
153.4 
30.6 
37 .01 
3.39 
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The Influence of Flushing During Es trus on Ovulation 
and Embryo Survival to 30 Days Ges tation 
Duane E. Wachholz ,  Richard C. Wahls trom and Travis D. Rich 
Numerous experiments have demonst rated that ovulation rate may b e  increased 
by feeding a higher level of energy for s everal days preceding heat. This res ponse 
is generally referred to as "flushing. " Some producers have made flushing a routine 
practice. High energy levels , howeve r ,  if continued after the flushing period 
or immediately after b reeding , are antagonis tic to embryo survival. 
English workers have reported that doubling the feed from 4 to 8 lb. for one 
feeding after breeding tended to increase the number of ovulation s ites and the 
number of pigs b orn. Workers at Kentucky have als o  found s imilar results when 
gilts were fed ad lib itum for a 12-hour period following breeding. P revious work 
done at this s tation has failed to confirm these reports. The experiment reported 
here is a further attempt to subs tantiate this work under South Dakota condi tions. 
Experimental Procedures 
Thirty-seven crossbred gilts were fed ad libi tum until they reached 210 lb. 
of b ody weigh t at which time they were placed on an interval feeding regime of 
2 hours ad lib i tum fed three times weekly. Approximately 2 weeks before b reeding 
commenced (10 months of age) , gilts were fed 4 lb. of a 14% protein feed daily. 
Gilts were checked for heat twice daily, b red at the firs t s ign of heat and again 
24 hours later. Treatment A gilts , control , were fed 4 lb. of feed and Treatment 
B gilts , flushed , were fed 8 lb. of feed approximately 12 hours after firs t s ervice. 
On the day following b reeding, gilts did not have access to any s ource of feed 
except that amount fed 12 hours after breeding. On the s econd day after breeding, 
all gilts were placed on a 4 lb. per day feeding. Be tween 24 and 30 days of ges tation, 
all gilts were slaughtered , reproductive tracts removed and checked for pregnancy. 
Measurements taken were number of corpora lutea (CL), which is an indicator of 
ovulation rate , and number of live and dead embryos. 
Res ults 
Table 1 contains the data ob tained in this experiment. Prob ab ly due to the 
doub le s ervice, conception rate for b oth treatments was high. Es timates of ovulation 
rate (Avg. No. CL) were simi lar for both treatments . Gilts on Treatment A averaged 
15. l corpora lutea and those on Treatment B averaged 14.9. Gilts fed the 8 lb. 
of feed following b reeding, Treatment B, did show a s light advantage in numb er 
of live embryos (13. 4 vs. 12. 5) but also had s ligh tly more dead embryos (0. 3 vs . 
0. 1). Because of the higher numb er of embryos present, gilts fed the higher energy 
(8 lb. of feed) had an advantage in implantation rate (92. 2 vs . 82. 9%) and embryo 
survival rate (90. 0 vs. 82. 5%). 
These data sugges t that ovulation rate is not increased by doubling the feed 
from 4 to 8 lb. for one feeding after breeding and that only a s ligh t  advantage 
is ob tained in implantation and embryo survival rates. 
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Summary 
Thirty-seven crossbred gilts were assigned to two pos t-breeding treatments-­
Treatment A received 4 lb. of feed approximately 12 hours after firs t s ervice 
and Treatment B received 8 lb. of feed approximately 12 hours after firs t service. 
All gilts then received 4 lb. of a 14% protein feed per day until slaughtered 
25 to 30 days after b reeding. At this time, number of corpora lutea, number o f  
live embryos, numb er o f  dead embryos, implantat ion rate and percent embryo survival 
were determined. Data ob tained indicate no apparent advantage in ovulation rate 
when doub ling the feed from 4 to 8 lb. for a single feeding 12 hours af ter breeding. 
There was a s light advantage in number of l ive embryos and percent embryonic survival 
at 25 to 30 days after breeding, however. This s tudy indicates no conclusive 
evidence in support o f  doubling the feed 12 hours after the firs t service. 
Tab le 1. Treatment Data Collected 
No. of gilts bred 
No. of gil ts pregnant 
Avg. no. o f  ovulation s i tes 
Avg. no. o f  live embryos 
Avg. no. o f  dead emb ryos 
Implantati on rate, % 
Embryo survival rate, % 
Treatment A 
4 lb . feed 
12 hours 
after breeding 
30 
1 9  
17 
15. 1 
12. 5 
0. 1 
82. 9 
82. 5 
Treatment B 
8 lb . feed 
12 hours 
after b reeding 
18 
18 
14. 9 
13.4 
0.3 
92. 2 
90. 0 
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The Effects of One Day Flushing and Early Ges tation Energy 
Levels on Reproductive Performance of Gilts 
Duane E. Wachholz , Travis D. Rich and Richard C. Wahls trom 
Li tter size at birth is a function of ovulation rate , ferti li zation rate 
and embryo survival during ges tation. Nutri tion has li ttle , if any , effect upon 
fertili zation. However ,  it has been demons trated to have a large influence on 
ovulation rate and embryo survival. 
Flushing , feeding high energy levels for short periods of time preceding 
heat , has been shown to increase ovulation rate; but if this high energy level 
is continued after b reeding a decrease in embryo survival prevails. There is 
l imi ted evidence whi ch sugges ts that a one-feeding flushing period may increase 
ovulation rate wi thout increasing emb ryonic death. 
Low levels of energy fed during ges tation have been shown to result in reduc­
tions in daily gain,  b irth weigh t and 21-day weight of offspring. Other trials 
have shown that a low nutrient intake following mating and an increased intake 
during the las t  third of ges tation resulted in a higher percent embryonic survival 
and more live pigs per li tter. 
The experiment reported here was conducted to determine what effect one-feed 
flushing and energy level during the firs t third of ges tation had on reproductive 
performance. 
Experimental Procedures 
Thirty-two crossb red gilts which had been fed ad lib i tum until they reached 
210 lb. of body weigh t were fed 4 lb. of a 16% protein diet per day until they 
reached approximately 10 months of age. At this time , gilts were checked for 
heat daily for one es trus cycle , then checked twice daily , and bred at the firs t 
s ign of heat and again 24 hours later to s exually mature boars. At the time of 
breeding , gilts were divided into two groups--one group received 4 lb. of feed 
(1 , 465 Kcal./lb.) approximately 12 hours after breeding and the other group received 
8 lb. of feed (1 , 465 Kcal./lb.) approximately 12 hours after breeding. These 
two groups were then subdivided so that one-half of the gilts received 5 , 850 Kcal. 
of metaboli zable energy (M.E.) per day , considered a normal energy level , and 
the other half of the gilts received a lower energy level of 3 , 000 Kcal. M.E. 
per day during the firs t third of the ges tation period. After 35 days of ges tation , 
all gilts were weighed and placed on 5 , 850 Kcal. M.E. per day for the remainder 
of the ges tation period. At 110 days of ges tation , gilts were weighed and placed 
into farrowing crates. During the lactation period , all gilts received 12 lb. 
of lactation diet per day. The composi tion of the ges tation and lactation die ts 
is shown in tab le 1. The ab ove design resulted in four treatments: Treatment 
A ,  nonflushed and normal energy; Treatment B ,  nonflushed and low energy; Treatment 
C ,  flushed and normal energy; and Treatment D ,  flushed and low energy. 
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Results 
A summary of the effe ct of flushing and early ges tation energy levels on 
reproduction and pig p erformance to weaning is shown by treatment in table 2. 
The effects of flushing are s ummari zed in table 3 and the effects of energy intake 
the firs t 35 days of ges tation are summarized in table 4 .  Six of the 32 gilts 
that were b red did not conceive. Three of these were in the nonflushed , low energy 
group , two were in the flushed , low energy group and one was in the group that 
was f lushed and received the normal energy diet during the firs t 35 days of ges­
tation. 
A level of 3 , 000 Kcal. of M.E. per day did not qui te maintain the weigh t  o f  
gilts during the early ges tation period. The two groups o f  gi lts fed this energy 
level los t  an average of 1.0 and 3.5 lb. during this 35-day p eriod. Gil ts fed 
5 , 850 Kcal. of M.E. gained an average of approximately 26 lb. during this same 
period. At farrowing time there was s till a difference of about 20 lb. in weigh t  
between these two groups. Total ges tation gain averaged 107 and 87 lb. for the 
gilts receiving the normal and low energy treatments , respectively. 
Flushing , feeding 8 lb. of feed at a single feeding 12 hours a f ter breeding , 
compared to the control feeding of 4 lb. of feed did not affect the number of 
total or live pigs farrowed , pig b irth weigh t or number and weigh t  of pigs weaned 
at 21 days. The number of pigs farrowed (total and live) and pig b irth weigh t 
were s imilar when gilts were fed ei ther 3 , 000 or 5 , 850 Kcal. of M.E. daily for 
the first 35 days of ges tation. However , gi lts fed the lower energy level during 
early ges tation weaned only 66% of those pigs b orn live while the gilts fed the 
higher energy level weaned approximately 82% of their pigs. 
Summary 
Thirty-two crossb red gilts were allotted to one of four treatments at b reeding. 
One-half of the gi lts were flushed for one feeding 12 hours after breeding (8 lb. 
of feed) , while the other hal f received 4 lb. of feed. These two groups were 
further divided into two groups , one-half receiving 5 , 850 Kcal. M.E. per day and 
the other half receiving 3 , 000 Kcal. M.E. per day during the firs t one- third of 
ges tation. No differences between treatments were found for number of pigs b orn ,  
average b irth weight or average 21-day weigh t ,  but the normal energy treatment 
had an advantage in number of pigs weaned. Flushing vs. nonflushing showed no 
dif ferences in any reproductive cri teria measured. Normal energy vs. low energy 
showed no differences in any cri teria measured except weigh t  gain to 35 days of 
ges tation and number of pigs weaned , which were higher for the normal energy 
treatment • 
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Table 1. Composi tion of Die ts 
560 
420 
Dehydrated alfalfa meal (17%) 960 
Dried beef pulp 
Dicalcium phosphate 45 
Limes tone 
T.M. s alt (Hi zinc) 10 
Vi tamin premix a 
1995 
Lactati on 
1 , 560 1 , 370 
380 
360 
200 
20 40 
30 16 
10 10 
a b ----
2000 1996 
a Provided 3 , 064 , 500 I .U .  vi tamin A ,  356 , 000 I .U .  vi tamin D ,  2.4 gm. riboflavin, 
9. 3 gm. calcium pantothenate , 20.5 gm. niacin and 10 mg. vi tamin B12 per ton. b Provided s ame as above plus 100 gm. of aureomycin per ton. 
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Table 2. Effects of Treatment on Reproductive Performance 
Treatment A Treatment B Treatment c 
Nonf lushed Nonflushed Flushed 
and and and 
normal low normal 
energy energy energy 
Number of gilts bred 8 8 8 
Numb er of gilts p regnant 8 5 7 
Weight at breeding , lb. 318. 3 315 . 2  312. 4 
Weight gain during first 25. 6 -1. 0 26. 7  
third of gestation, lb. 
Weight at farrowing, lb. 426 . 3  404.8 418. 3 
Numb er of pigs born live 10. 1 11. 4 11. 3 
Numb er of s tillborn pigs 0. 4 0. 6 0. 1 
Total number of pigs b orn 10. 5 12. 0 11. 4 
Average b irth weight, lb. 2. 9 2.7 2. 8 
Numb er of pigs weaned 8. 2 7. 6 9. 4 
Average 21-day weight, lb. 9. 9 11. 0 9. 9 
Percent weaned of those 80. 25 66. 67 83. 54 
born live 
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Treatment D 
Flushed 
and 
low 
energy 
8 
6 
313. 0 
-3. 5 
396. 2 
9. 7 
0.5 
10 .2 
2. 8 
6. 3 
10 . 6  
65. 52 
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Table 3. Effects of Flushing on Reproductive Performance 
Nonflushed Flushed 
4 lb. feed 8 lb. feed 
12 hours 12 hours 
after after 
b reeding breeding 
Number of gilts b red 16 16 
Number of gilts p regnant 13 13 
Weigh t  a t  breeding , lb. 317 .1 312.7 
Weight gain during first third 15.4 12.8 
of ges tation , lb. 
Weight at farrowing , lb. 418.0 408.1 
Number of pigs b orn live 1 0.6 10.5 
Numb er of s tillb orn p igs 0 . 5  0.3 
Total numb er of pigs b orn 11.1 10.8 
Average birth wei ght , lb. 2.8 2.8 
Number of pigs weaned 7.9 8.0 
Average 21-day weight , lb. 10.4 10.1 
Percent weaned of those b orn live 74.64 75 .91 
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Table 4. Effects of Energy on Reproductive Performance 
Normal energy Low energy 
(5, 850 Kcal./day) (3, 000 Kcal./day) 
Numb er of gilt s  bred 16 16 
Numb er of gilts p regnant 15 11 
Weigh t  a t  b reeding , lb. 315 .5 314.0 
Weight gain during firs t third 26.1 -2.4 
of ges tation ,  lb. 
Weight at farrowing , lb . 422.5 400.1 
Numb er of pigs b orn live 10.7 10.5 
Number of s tillb orn pigs 0.3 0.6 
Total numb er of pigs born 11.0 11.1 
Average b irth weigh t ,  lb . 2.9 2.8 
Number of pigs weaned 8.7 6.9 
Average 21-day weigh t ,  lb. 9.9 10.8 
Percent weaned of those born live 81.88 66.09 
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Effect of Protein Level in Growing-Finishing Swine Diets 
Fed to Pigs Marketed at Heavy Weights 
Kei th E. Gils ter and Richard C. Wahls trom 
The mos t common s laughter weigh t of market barrows and gilts is 200 to 230 lb. 
The price paid for market swine s laughtered at a weight heavier than 230 lb. is often 
dis coun ted. In addition ,  feed efficiency appears to decrease as pigs are fed 
to heavier weights. Therefore , both the producer and the buyer often dis criminate 
agains t marketing swine at heavier weigh ts. However , marketing at heavier weigh ts 
would allow the production of more pounds of pork per sow uni t and also enable the 
packer to process more pork from a given number of hogs , thus lowering the total 
processing cos t. 
It has b een observed that certain s trains of well mus cled pigs can grow effi­
ciently to a weigh t beyond 230 lb. without depos i ting excess fat in the carcass. 
However ,  the nutritional requirements of the market pig for weights ab ove 220 lb. 
have not b een well es tab lished. To produce a pig that is trim , muscular and efficient 
at a heavy weigh t requires a pig that has the proper genetic background and one that 
is fed a diet that will express his genetic capabili ties. 
The purpose of the two s uccess ive experiments reported herein was to determine 
the protein requirement of swine from a weight of approximately 44 to 245 lb. 
Experimental Procedure 
Ninety-six crossbred barrows averaging approximately 50 lb. were divided into 
four replicates. Within each replicate , four pigs were randomly assigned on the 
basis of weigh t and sire to one of the following six dietary treatments: 
Percent protein ( calculated) 
Ini tial 
Treatment wt. 100 lb. 100-170 lb. 170-245 lb. 
A 20 20 20 
B 20 16 12 
c 12 12 12 
D 12 16 20 
E 16 12 12 
F 16 12 16 
The composi tion of the diets fed is shown in tab le 1. Feed and water were 
provided ad lib i tum. Pigs were housed in por tab le wood frame houses with concrete 
floors an�a connecting 6 x 12 ft. concrete outside pen where waterers and feeders 
were located. This experiment was conducted during the spring and summer , 1970. 
Diets , when changed in level of protein , were al tered when a lot averaged approxi­
mately 100 and 170 lb. As pigs approached 245 lb. , they were weighed weekly . If 
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a pig weighed at least 245 lb . ,  he was removed from the experiment and allowed 
access to water but not feed for 24 hours. After the 24-hour shrink period, the 
pigs were s laughtered. Carcas s  data were collected after the carcasses had cooled 
a minimum of 24 hours . 
Dressing percent was calculated using the unshrunk live weight and the chilled 
carcass weight. Ham and loin percent was b as ed on the chilled carcass weight and 
the weight of the closely trimmed, boneless ham and bone-in loin. Percent lean 
cuts was based on the chilled carcass weight and the clos ely trimmed boneless ham, 
b oneless shoulder and the b one-in loin. Prior to shear tes t and taste panel evalu­
ation, loin mus cle samples were cooked to an internal temperature of 165
° 
F. Loin 
eye samples were removed from the 10th rib for chemi cal analyses, from the 11th 
rib for shear tes t and from the 12th and 13th ribs for taste panel evaluation. 
Res ults and Dis cussion 
Growth Performance 
The growth performance data are summarized in tab le 2. Up to a weight of 
100 lb . ,  pigs fed a 20% protein diet had an average daily gain of 1 . 70 lb . as 
compared to 1 . 67 lb . for pigs fed 16% protein diets and 1 . 39 lb . for thos e fed 
12% protein diets. The gains of pigs fed the 20 and 16% protein diets were signifi­
cantly (P < . 01) faster than the gains of pigs fed the 12% diet during this initial 
feeding period. A significant dif ference in average daily gain was also noted 
for the period from 100 to 170 lb . Pigs fed the 16% protein diet gained most 
rapidly, 1. 89 lb . and 2. 02 lb . for treatments B and D, respectively. The faster 
gain of pigs on treatment D may have been due, at least in part, to compens atory 
growth. This group gained only 1 . 37 lb . per day up to 100 lb . when they were 
fed the 12% protein diet, while treatment B gained 1. 67 lb . daily during the same 
period when they received the high protein ( 20%) diet. There were no signi ficant 
differences in rate of gain between treatments during the 170 to 245 lb . weight 
period. For. the entire experiment, 50 to 245 lb . ,  pigs fed the 20-16-12% protein 
s equence gained the most rapidly, 1 . 87 lb . per day. Pigs fed the 12-12-12% and 
12-16-20% protein sequences gained the mos t  slowly, 1 . 72 lb . and 1 . 78 lb . per 
day, respectively . This appeared to be due to the s lower growth of thes e pigs 
during the initial growth period. The differences among treatments for average 
daily gain during the total period were signif icant (P < . 05) • Gain and feed 
data were also obtained when the res pective lots of pigs averaged 210 lb . so that 
a comparison could be made o f  pigs fed to 210 or 250 lb . market weight. Similar 
treatment results were ob served in average gains from initial weight to 210 or 
250 lb. 
There was a highly s ignificant difference in feed per gain during the initial 
growth period (up to 100 lb . ) with pigs requiring signi ficantly less feed as the 
protein content o f  the diet increased. Feed per gain averaged 3. 24, 2. 85 and 
2.49 lb. for pigs fed the 12, 16 and 20% protein diets , respectively. There were 
no significant differences in feed per gain due to dietary protein level during 
any of the other feeding periods . Likewise, for the entire experiment the dif­
ferences in feed p er gain were not s ignificantly different, ranging from a low 
o f  3. 33 lb . for pigs fed the 20-16-12% protein sequence to 3. 61 lb . for the pigs 
fed the 12-16-20% protein sequence. I t  is also interes ting to note the increase 
in feed required by all treatment groups when pigs were fed to 245 lb . compared 
to the feed requirement at a weight of 210 lb . 
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There was no difference in feed consumption by pigs due to level o f  protein 
in the diet. 
Carcass Characteristics 
The carcass data are summarized in tables 3 and 4 .  Signi ficant differences 
in carcass traits were found only in percent ham and loin and percent lean cuts . 
There appeared to be a trend toward s lightly meatier carcasses when pigs were 
fed higher protein diets. Carcass es from pigs fed the 12-12-12% protein sequence 
had the s mallest loin eye area, percent ham and loin and percent lean cuts . Also , 
the three treatment groups that were fed the 12% protein diet from 170 lb . to 
s laughter had less average percent ham and loin and lean cuts than did carc ass es 
from pigs fed 16 or 20% protein during this period. 
Chemical analyses of the loin mus cle showed a statistically signifi cant dif ­
ference in fat content. Loin mus cles from pigs fed the high protein diet for 
the entire trial had the least fat (2 . 84%) and those from pigs fed the low protein 
diet for the entire trial had the highest percent fat ( 4 . 97%) . Percent protein 
in the loin mus cle also followed this trend with a relatively high percent of 
protein in the muscles of pigs fed the high protein diet and the lowes t percent 
in mus cles o f  pigs fed the low protein diet. Other treatment groups were inter­
mediate in both fat and protein content. 
Marbling s core appeared to be related to fat content as the higher marbling 
levels were present in the groups fed the lower protein diets that had higher 
levels of fat in the loin muscle. Likewise, shear force was s lightly less when 
the muscle contained more fat. 
There were no signi ficant differences in any of the taste panel data. This 
would indicate that dietary protein levels of the magnitude used in this experiment 
do not affect the acceptab ility of pork by the consumer. 
Summary 
Pigs weighing approximately 50 lb . initially gained significantly faster and 
more efficiently up to 100 lb . when fed either a 20% or 16% protein diet as compared 
to a 12% protein diet. Pigs fed the 20-16-12% protein s equence gained the fas test 
and most efficiently up to a weight of both 210 lb . and a final wei ght of 250 lb. 
Pigs fed the 12-16-20% protein sequence had the lowest backfat, longes t carcasses, 
highes t percent ham and loin and percent lean cuts. Pigs fed the low protein 
sequence possessed loins with the mos t  intramus cular fat, lowest percent protein 
and moisture, and highest p ercentage of cooking loss . 
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Table 1. Composition of Diets (Percent) 
Percent protein (calculated) 
Ingredient 20 16 12 
Ground yellow corn 63.90 75.00 86.10 
S oybean meal (44%) 33.10 21.87 10.62 
Dicalcium phosphate 1.92 2.10 2.30 
Ground limestone 0.45 0.40 0.35 
Trace mineral salt 0.50 0.50 0.50 
Vitamin-antibiotic premixa 0.13 0.13 0.13 
Calculated analysis , % 
Calcium 0.73 0.73 0.73 
Phosphorus 0. 71 o .  71 o .  71 
Chemical analysis , % 
Protein 20.73 16.27 12.37 
Moisture 10.99 11.27 10 .97 
Fat 1.69 2.01 2.07 
a Provided per lb. of diet: 1 , 500 I.U. of vitamin A ,  180 I.U. of vitamin D ,  
1 1  I.U. of vitamin E ,  2.93 mg. of riboflavin, 5 . 51 mg. of pantothenic acid,  
13.48 mg. of  niacin , 14.98 mg. of choline , 5.30 mcg. of vitamin B12, and 
16.74 mg. of tylan. 
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Table 2. Results of the Ef fect of Protein Level on the Performance Traits 
of Growing-Finishing Swine 
Treatment A B c D E F 
P rotein, %a 20-20-20 20-16-12 12-12-12 12-16-20 16-12-12 16-12-16 
No. of pigsb 16 16 16 16c 16 16c 
Avg. init. wt. , lb. 50.2 50.3 50.3 49.9 50.6 50.2 
Avg. final wt. , lb. 251.8 249.5 247.9 24 7 .8 250 .1 249.4 
Avg. daily gain2 lb. 
Init. wt. to 100 lb.** 1. 72 1.67 
100 to 170 lb.* 1.84 1.89 
170 lb. to final wt. 1.87 1.98 
Init. wt. to 210 lb.* 1.83 1.85 
Init. wt. to final wt. * 1.82 1.87 
Avg. feed Eer lb. gain2 lb. 
Init. wt. to 100 lb.** 2.49 2 .48 
100 to 170 lb. 3.51 3.38 
170 lb. to final wt. 4.09 3.83 
Init. wt. to 210 lb. 3.25 3.14 
Init. wt. to final wt. 3.49 3.33 
Avg. daily feed 2 lb. 
Init. wt. to 100 lb. 4.27 4.13 
100 to 170 lb. 6.51 6.45 
170 lb. to final wt. 7.52 7.49 
Init. wt. to 210 lb. 6.00 5.87 
Init. wt. to final wt. 6.31 6.19 
a Diets changed at average lot weights of 100 and 170 lb. 
b Four lots of four pigs each per treatment. 
1.40 1.37 1.69 
1.80 2.02 1.81 
1.91 1.90 1.85 
1.67 1. 72 1. 78 
1. 72 1. 78 1.80 
3.30 3.18 2.86 
3.35 3.11 3.52 
3.97 4.03 3.74 
3.42 3.28 3.26 
3.58 3.61 3.44 
4.62 4.32 4.86 
6.03 6.33 6.43 
7.46 7.56 6.79 
5.79 5. 71 5.84 
6.02 6.41 6.13 
c One pig removed during the period of 170 lb. to final weight. Data are not included for that period. 
* Significant (P < .05). 
** Significant (P < .01). 
1.65 
1.83 
1.84 
1.80 
1.81 
2.83 
3.31 
3 .91 
3.25 
3.54 
4.65 
6.17 
7.10 
5.90 
6 .39 
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Table 3 .  Effect o f  Protein Level on Carcass Traits of Growing-Finishing Swine 
Treatment A B c 
Protein� 20-20-20 20-16-12 12-12-1 2 
No . of  pigsa 16 16 16 
Avg . loin eye area , sq . in . 4 . 87 4 . 74 4 . 50 
Avg . backfat , in . 1 . 44 1 . 44 1 . 49 
Avg . length , in . 31 . 16 31 . 30 31 . 25 
Avg .  ham and loin, %* 3 1 .  73 31 . 21 30 . 76 
Avg . lean cuts , %** 44 . 73 43 . 86 43 . 58 
Avg . dressing percent 69 . 16 69 .64  69 . 73 
Avg . live probe , in . d 1 . 18 1 . 18 1 . 24 
- -----·--·- - -- ----
a Four lots of four pigs each per treatment . 
b Closely trimmed , boneless ham and bone-in loin . 
c Closely trimmed,  boneless ham ,  boneless shoulder and b one-in loin . 
d Backfat probe at 210 lb . 
* Significant (P < . 05) . 
** Significant (P < . 01) . 
D 
12-16-20 
15 
4 . 84 
1 . 39 
31 . 35 
32 . 39 
45 . 4 3  
69 . 18 
1 . 13 
E 
16-12-12 
16 
4 . 87 
1 . 50 
3 1 . 11 
31 . 17 
43 . 69 
7 0 . 6 4  
1 . 23 
� ""' 
F 
16-12-16 
15 
4 . 75  
1 . 48 
31 . 0 8  
31 . 4 4  
44 . 25 
72 . 0 2 
1 .  23 
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Table 4. Results of the Ef fect of Protein Leve l on the Chemical, Physical, 
and Cooking Characteris tics of the Pork Loin of Growing-Finishing 
Treatment 
Protein, % 
No. of pigs 
Loin musclea 
Avg. mois ture, % 
Avg. protein, % 
Avg . fat, %* 
Avg. marblingb 
Avg. color and finnness c . 
d Avg. shear, lb. 
Avg. cooking loss, % 
Avg. tendernesse 
Avg. flavorf 
Avg. j uiciness g 
a Fresh basis. 
A 
20-20-20 
16 
72.19 
22.14 
2.84 
2.63 
2.56 
15 .20 
12.48 
3.79 
3.76 
3.88 
B 
20-16-12 
16 
71. 76 
22.17 
3.61 
2.75 
2.56 
15.15 
12.61 
3.66 
3. 71 
3.98 
b Based on a 1 to 5 scale, 1 = trace to 5 = abundant. 
c 
12-12-12 
16 
71.27 
21.22 
4 .97 
3.06 
2.69 
14.90 
14.35 
4.21 
3.75 
4.20 
c Based on a 1 to 5 scale, 1 = pale, sof t and watery to 5 = dark and finn. 
d Pounds of force to shear a one inch core. 
D 
12-16-20 
15 
71. 70 
21.93 
3 .32 
2.73 
2.81 
15 .26 
13.35 
4.03 
3.81 
4.04 
e Based on a 1 to 8 scale, 1 = extremely tender to 8 = extremely tough. 
f Based on a 1 to 8 scale, 1 = extremely desirable to 8 = extremely undes irab le. 
g Based on a 1 to 8 scale, 1 = extremely j uicy to 8 = extremely dry. 
* Significant (P < .05) . 
Tas te Panel 
Swine 
----
E F 
16-12-12 16-12-16 
16 15 
71.31 71.69 
22.13 22.03 
3.97 3.20 
3.31 2.58 
2.56 2.35 
14.21 15.35 
11.69 14.20 
3.62 4.00 
3.78 3.94 
3.38 4 .16 
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Effect of Die tary Protein Level on Growth and Carcass Characteris tics 
of Growing-Finishing Swine Fed to Heavy Weigh ts 
Kei th E. Gils ter and Richard C. Wahls trom 
In a previous experiment reported in A.S. Series 71-38, i t  was found that 
for growing pigs optimum gain, feed efficiency and carcass quali ty (meatiness) 
occurred at different die tary protein levels. It also appeared that the dietary 
protein level fed during the period of 170 to 250 lb. affected carcass development 
more than did dietary protein during the early growing phase. Therefore , this 
experiment was conducted to further s tudy the effect of high and low dietary protein 
levels for pigs during three growth periods , 50 to 100 lb. , 100 to 170 lb. ,  and 
170 to 250 lb. 
Experimental Procedure 
Seventy-two crossbred barrows and 48 crossbred gilts averaging approximately 
44 lb. were divided into three repl icates. Within each replicate, 2 gi lts and 
3 barrows were randomly assigned on the basis of weigh t  and sire to one of the 
folJ nwing eigh t  treatments . 
Percent Protein (calculated) 
Ini tial 
Treatment wt. 100 lb. 100-170 lb. 170-250 lb. 
A 12 10 10 
B 12 10 18 
c 12 18 10 
D 12 18 18 
E 18 10 10 
F 18 10 18 
G 18 18 10 
H 18 18 18 
The composition of the diets fed is shown in tab le 1. Housing and management 
of the pigs and data collected were similar to that described in the previous 
experiment reported in A.S. Series 71-38. 
Res ul ts and Dis cussion 
Growth Performance 
The growth performance data are summari zed in tab le 2. Pigs fed the high 
protein diet gained significantly (P < . 01) fas ter than those pigs fed low protein 
diets during all growth periods. From a weigh t  of 44 to 100 lb. pigs fed the 
18% protein diet gained an average of 1. 60 lb. per day while pigs that received 
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the 12% protein diet gained 1. 30 lb . per day . From 100 to 170 lb . pigs fed the 10% 
protein diet gained only 1. 26 lb . daily compared to 1. 68 lb . daily gain if fed 
18% pro tein diets . The 10% protein diet also appeared to be somewhat inadequate 
for the finishing period of 170 to 250 lb . Some compensatory gain was noted when 
the high protein diet was fed following a period on the low or deficient protein 
diet . For the comple te experiment daily gains ranged from 1 . 31 lb . for pigs 
fed the 12-10-10% protein sequence to 1. 71 lb . for pigs fed the 1 8-18-18% protein 
sequence . 
There were significant (P < . 0 1) differences in feed per gain between treat­
ments at all weight periods as wel� as for the entire experiment . Pigs fed the 
18% protein diet required about 30% less feed per lb . gain than those  fed the 12% 
protein diet up to an average weight of 100 lb . (2. 64 vs . 3. 44 lb . feed per lb . 
gain) . More variation exis ted in feed per gain during the latter two growth periods . 
Feed requirement appeared to be  affected by the performance and diet fed during 
the previous period . For the entire trial feed per gain varied from 3. 65 lb . for 
pigs fed the 12-18-10% protein sequence to 4. 65 lb . for those pigs fed 12-10-10% 
protein diets . I t  is interes ting to note that the die ts fed to these two groups 
varied only during the second period (100 to 170 lb . ) . 
Carcass Characteris tics 
The carcass data are summarized in tables 3 and 4 .  Highly significant dif­
ferences exis ted among treatments for loin eye area . Those pigs fed the 12-10-10 
and 18-10-10% p ro tein sequence diets exhibited the smallest  loin eye areas . The 
larges t loin eye areas were produced by pigs fed the 18-10-18 , 18-18-10 and 18-18-18% 
p rotein sequence diets . A significant difference exis ted among treatments for 
percent of lean cuts . Pigs fed the 12-10-10 and 18-10-10% protein sequences 
exhibited the least percent lean cuts , while carcasses from pigs fed the 18-10-18 
and 1 8- 18-18% protein s equence diets produced the largest percent of lean cuts . 
As in the previous trial , meatier carcasses were produced when pigs were fed higher 
p ro tein diets. Significant s ex differences also exis ted in loin eye area , backfat , 
length and ham and loin percent . 
Significant differences exis ted among treatments in regard to percent fat and 
marbling score in the loin muscle . Pigs fed the low protein sequence diets had the 
highes t p ercent fat (5. 24) and marbling s core (2. 83) . The lowes t percent fat 
in the loin muscle was found in the muscle of pigs fed the 18-18-18% protein 
sequence diet (1. 79%) . Shear values were highes t  in pigs on the 18-18-10 and 
1 8-18-18% protein diets . Likewise ,  the taste panel evaluated the pork chops from 
these p igs to be somewhat less tender than those  from the other groups . However ,  
the differences b etween treatments were not significant in either shear or taste 
panel evaluation . 
Chops from pigs fed the low protein s equence diets were more juicy which may 
relate to their higher fat content . The dries t chops were found to be those that 
had the leas t amount of fat in the muscle . 
Sununary 
Pigs weighing approximately 44 lb . initially gained fas ter and more efficiently 
when fed an 18% protein diet as compared to those pigs fed a 12% protein diet up 
to 100 lb . Results indicate that feeding of a 12-10-10 or 1 8-10-10% protein sequence 
resulted in lower overall gains and feed efficiency . Those pigs fed the 18-10-18 and 
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1 8-18-18% pro tein s equences had the larges t  loin eye areas , highes t p ercent ham 
and loin and percent lean cuts . Those pigs fed the 12-10-10 and 18-10-10% protein 
s equences had the smalles t loin eye areas , mos t backfat , lowes t lean cut percentage , 
highes t percent of fat in the muscle and highes t marb ling score . 
Table 1 .  Composition of Diets (Percent) 
Percent Erotein (calculated) 
Ingredient 1 8  12  10 
Ground yellow corn 7 0 . 25 87 . 10 9 2 . 60 
Soybean meal (44%) 26 . 72 9 . 6 7  4 . 0 2  
Dicalcium phosphate 2 . 00 2 . 30 2 . 50 
Ground limes tone 0 . 40 0 . 30 0 . 25 
Trace mineral sal t  0 . 50 0 . 50 0 . 50 
Vitamin-antibiotic premix a 0 .1 3  0 . 13 0 . 13 
Calculated analysis , % 
Calcium o .  71  0 .  71  o .  72  
Phosphorus 0 .  71  0 . 70 0 .  72 
Chemical analysis , % 
Protein 20 . 10 14 . 60 10 .66  
Mois ture 9 .06 7 . 37 9 . 42 
Fat 2 . 1 8  2 . 1 7  1 .  7 8  
a Provided per lb . of  diet: 1 , 500 I . U .  o f  vitamin A ,  1 80 I .U .  o f  vitamin D ,  
11 I .U .  o f  vitamin E ,  2 .9 3  mg .  o f  riboflavin , 5 . 51 mg . o f  pantothenic acid , 
13 . 4 8  mg . o f  niacin , 14 . 9 8  mg . of choline , 5 . 30 mcg . of vitamin B 12 and 
16 . 74 mg. of tylan . 
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Table 2 .  Effect of Protein Level on Growth Performance of Growing-Finishing Swine 
-
Treatment A B c D 
Protein , %a 12-10-10 12-10-18 12-18-10 12-18-18 
No . of  pigsb 14c 14c 15 15d 
Avg .  ini t .  wt . ,  lb . 44 . 3  43 . 6  43 . 5  43 . 7  
Avg . final wt . , lb . 250 . 5  25 2 . 9  252 . 5  250 . 0  
Avg . daily gain2 lb . 
Ini t .  wt . to 100 lb . ** 1 . 31 1 .  32 1 . 25 1 . 32 
100 to 170 lb . ** 1 . 16 1 . 21 1 . 81 1 . 6 8  
170 lb . to final wt . ** 1 . 48 2 . 23 2 . 04 1 . 9 1  
Ini t .  wt . to final wt . ** 1 . 31 1 . 53 1 . 66 1 . 64 
Avg. feed Eer lb . gain2 lb . 
Ini t .  wt . to 100 lb . ** 3 . 46 3 . 36 3 .49 3 . 44 
100 to 170 lb . *"'( 5 . 37 5 . 22 3 . 40 3 . 83 
170 lb . to final wt . ** 4 . 9 5  3 . 41 4 .01 4 . 30 
Ini t .  w t .  to final wt . ** 4 . 65  4 . 13 3 . 6 5  3 . 88 
Avg . daily feed2  lb . 
Ini t .  w t .  to 100 lb . 4 . 6 1  4 . 5 2  4 . 40 4 . 56 
100 to 170 lb . 6 . 34 6 . 66 6 .  25 6 . 50 
170 lb . to final wt . 6 . 9 2  7 .  24 7 . 70 7 . 99 
Ini t .  wt.  to final wt . 6 . 06 6 . 39 6 .03  6 . 34 
a Diets changed when a lot averaged approximately 100 
b Three lots of 5 pigs each per treatment . 
and 170 lb . 
E F 
18-10-10 18-10-18 
15 15 
43 . 8  4 3 .  7 
250 . 7  25 2 . 0  
1 . 66 1 . 52 
1 . 33 1 . 33 
1 .64 1 . 84 
1 . 5 3  1 . 55 
2 . 5 7  2 . 6 7  
4 . 87 4 . 84 
4 . 9 3  3 . 9 8  
4 . 22 3 . 91 
4 . 31 4 . 08 
6 . 53 6 . 6 2  
7 . 88 7 . 11 
6 . 42 6 . 07  
to 100 lb . Data are not included . 
G 
18-18-10 
15 
43 . 9  
251 .  3 
1 . 57 
1 . 54 
1 .  76 
1 . 6 2  
2 . 6 7  
4 . 30 
4 . 44 
3 . 90 
4 . 19 
6 .  71 
7 . 70 
6 . 32 
c One pig removed during the period of initial weigh t  
d One pig removed during the period of 1 7 0  t o  250 lb . Data are not included for that period . 
** Significant difference P < . 01) . 
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H 
18-18-18 
15d 
4 3 . 6  
251 . 6  
1 . 65 
1 . 68 
1 . 80 
1 . 71 
2 . 64 
4 . 11 
4 . 51 
3 . 83 
"'"" 
4 . 35 
6 . 85 
7 .  72 
6 . 41 
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Table 3 .  Ef fect of Protein Level on Carcass Traits of Growing-Finishing Swine 
Treatment A B c D 
Protein , % 12-10-10 12-10-18 12-18-10 12-18-18 
No . of pigsa 14 14 lS 14 
Avg . loin eye area** ,-H- 4 . 43 4 . 9 7  4 . 79 4 . 88 
Avg . backfat , in.+ 1 . 4S 1 . 41 1 .4 3  1 . 38 
Avg . length , in.-H- 31 . 23 31 . 10 31 . 09 30 . 9 S  
Avg . h am  and loin, %b ,+ 31 . 7S  32 . 4 8  33 . 2S 31 . 88 
Avg . lean cut s ,  %C* 44 . 4 2  4 S  .03  4S . 9 0  44 . 8 7  
Avg . dressing percent 69 . 39 6 8 .9 2  69 . 27 6 8 . 9 8  
a Three lots of five pigs each per treatment.  
b Closely trimmed,  boneless ham and bone-in loin . 
c Closely trimmed , boneless ham ,  boneless shoulder and bone-in loin . 
+ Significant sex difference P < . OS . 
-H-Significant sex difference P < .01 . 
* Significant difference P < . O S . 
** Significant difference P < . 0 1 .  
-
E F G 
18-10-10 18-10-18 18-18-10 
lS lS lS 
4 . S9 S . 30 S . 20 
1 . 44  1 . 36 1 . 39 
31 . 2S 3 1 . 0 3 31 . 13 
31 . 3S 33 . 6 2  32 . lS 
43 . 99 46 . 81 44 . 9 4  
69 . 86 69 . 4 3  71 . 00 
f 
H 
18-18-18 
14 
S . 31 
1 . 38 
30 . 9 3  
34 . 0 7  
46 . 74 
69 . 4 7  
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Table 4 .  Results o f  the Effect o f  Protein Level on the Chemical , Physical , Tas te Panel 
and Cooking Characteris tics of the Pork Loin of Growing-Finishing Swine 
Treatment A B C D E F G H 
Protein ,  % _ _ _ _ J,_2-10-:-lQ__JJ-=lQ_-18 __ 12_-:-_18-10 12-18-18 18-10-10 1 8-10-18 18-18-10 18-18-18 
No . o f  pigs 14 14 15 14 15 15 15 14 
Loin nrusclea 
Avg . moisture , % 70 . 9 9  7 1 . 08 71 . 33 7 1 . 18 71 . 23 70 . 9 2  71 . 7 1  7 1 .  7 4  
Avg . protein , % 21 . 35 22 . 54 22 . 0 7  22 . 67 21 .96  2 2 . 82 2 2 . 4 8  2 2 . 03 
Avg . fat , %** '+ 5 . 24 3 . 31 3 . 0 8  3 . 05  4 .42  3 . 06 2 . 56 1. 79 
Avg . marblingb 2 . 83 2 . 61 1 . 9 2  2 . 31 2 . 6 1  2 .1 7  2 . 25 2 . 19 
Avg . color and firmness C  2 . 2 8  2 . 14 1 . 81 1 . 94 2 . 39 2 . 28 2 . 39 2 . 19 
Avg . shear , lb .d 13 . 34 1 3 . 89 12 . 39 14 . 4 2  14 . 31 14 . 9 7  17 . 11 15 . 50 
Avg .  cooking loss , % 21 . 04 20 . 80 21 . 4 7  23 . 11 21 . 77 2 2 . 54 21 . 54 22 . 77  
Avg . tendernesse 3 . 44 3 . 37 2 . 9 2  3 . 22 3 . 6 5  3 . 64 4 . 29 4 .0 3  
Avg . flavorf 3 . 37 3 . 39 3 . 56 3 . 59 3 . 58  3 . 60 3 . 6 2  3 . 85 
Avg . j uicinessg 3 . 75 4 . 26 4 . 66  4 . 30 4 . 24 4 . 74 4 . 38 4 . 87 
a Fresh basis . 
b Based on a 1 to 5 scale , 1 = trace to 5 = abundant . 
c Based on a 1 to 5 scale , 1 = pale , soft and watery to 5 = dark and firm .  
d Pounds of force t o  shear one inch core . 
e Based on a 1 to 8 scale , 1 = extremely tender to 8 = extremely tough . 
f Based on a 1 to 8 scale , 1 = extremely desirab le to 8 = extremely undesirab le . 
g Based or. a 1 to 8 scale , 1 = extremely j uicy to 8 = extremely dry . 
+ Significant sex difference P < .05 . 
* Significant difference P < . 0 5 . 
** Significant difference P < . 0 1 .  
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Art ificial Rearing of Young Pigs 
Larry R .  Dunn and Richard C .  Wahlstrom 
A . S .  S eries 71-40 
Much interes t has been shown in the possib ility of rearing newborn pigs using 
an automatic feeding device . Pig b rooders have been developed in the past few 
years that will feed a dry milk product and water on a scheduled time basis . 
It has been claimed that pigs can be removed from the sow at an early age 
and reared in a pig b rooder . This would allow removing pigs from small litters , 
extra pigs from large litters , or pigs from sows that may not milk or become sick . 
Therefore , it  would seem possib le to save more pigs and reduce mortality as there 
would be no overlaying or s tarvation loss with pigs reared in this way . 
The experiment reported herein was conducted to s tudy the problems involved 
in rearing pigs in an automatic feeding pig b rooder and to s tudy the effect of 
age of the pig at the time of removal from the sow on survival and growth in the 
pig brooder . 
��ri�ental Procedure 
Two experiments have b een conducted using a 36 unit Mini-Mor pig brooder 
as the experimental unit .  Each pig receives a specific amount of commercial milk 
replacer and water every 90 minutes . The milk replacer and water were fed together 
for three days and then the dry milk and water were fed in separate feeder cups 
until the pigs were removed from the machine at 3 weeks of age . A dry pig s tarter 
diet was fed by hand in a third feeder cup after the pigs were 7 days of age . 
Thirty- two pigs , eight from each o f  four l itters , were used in trial 1 .  Pigs 
were removed from the sow at birth and af ter eight pigs had been farrowed they 
were put wi th the sow to nurse .  Two pigs from each litter were removed at 0 ,  6 ,  
12 and 18 hours after receiving colostrum and placed in the pig b rooder . It should 
be noted that 0 hour pigs were allowed to nurse approximately 20 minutes . The 
18% protein pig s tarter die t used in this trial is shown in tab le 1 .  
Trial 2 was conducted with another 32 pigs from four litters . In this trial 
pigs were removed from the sow at 6 ,  12 , 24 and 48 hours . A 20% protein starter 
diet was used in this trial . Other feeding and management conditions were similar 
to trial 1 .  
Results 
Trial 1 
Survival rate varied according to the age of pigs at the time they were removed 
from their dams and placed in the pig b rooder . Only 37 . 5% ( 3 of 8 pigs ) of the 
pigs that received colostrum for one nursing survived to 21 days of age .  Fifty 
percent of these pigs had died by 7 days of age . Pigs removed after six hours 
on the sow had a survival rate of 6 2 . 5% and those removed at 12 and 18 hours had 
87 . 5% survival ( 7 of 8 pigs ) . 
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The average weights of pigs at various time intervals from birth to 21 days 
are shown in tab le 2 .  There was no great difference in weigh t of pigs between 
treatments . However ,  all pigs were considerably lighter in weight , averaging 
only 5 . 3  lb . ,  than the average weight of pigs nursing their dams for 21 days . 
Trial 2 
Survival rate again varied according to the age of pigs at the time they 
were placed in the pig brooder . Those pigs receiving colos trum for six hours 
had a survival rate of 21 days or 75% (6 of 8 pigs) . Pigs removed at 12 or 24 
hours had a survival rate of 87 . 5% ( 7 of 8 pigs) . Howeve r ,  pigs put in the pig 
b rooder after b eing allowed to nurse 48 hours had a survival rate of only 6 2 .5%  
(5 of 8 pigs) . No  explanation can be offered for the greater death loss of the 
other pigs . In all lots all death losses occurred b efore 7 days of age . 
The 21 day weights , as in trial 1 ,  did not vary significantly between treat­
ments . Twenty-one day weights were slightly better than in trial 1 ,  but the average 
weigh t of 5 . 7  lb . is much too ligh t for 21-day-old pigs . 
I t  was also noted in trial 1 that pigs needed to b e  changed from liquid milk 
replacer to dry milk replacer at 3 days of age to prevent maj or scouring problems . 
In addi tion , draf ts of any kind will cause a greatly increased incidence of scouring 
and deaths . This is particularly true of pigs on the lower deck of the machine . 
These pigs are closer to the floor and b ecome susceptible to drafts caused by s imply 
opening a door.  They are also subj ected to greater temperature variation at this 
lower level which creates another s tress . There fore , the survival rate of only 
6 8 . 7% and ligh t  21-day weights reflect the prob lems mentioned above . Presumably ,  
with removal o f  these drafts and temperature variations , the survival rate and 
weigh ts at 21  days might be improved . 
Other problems that were noted included an apparent need for the availability 
of more water and a s elf-fed source of the prestarter diet . Gene tics may also 
play a role in the abili ty of the pigs to survive on the machine . Pigs from dif­
ferent li tters appeared to show a difference in their ability to adapt to the 
machine . 
Health and sani tation can play a maj or role in the success of the pig b rooder.  
Pigs coming from litters that are beginning to scour at an early age can pass 
the prob lem on to every pig in the b rooder . Traffic in and out o f  the b rooder 
area can also increase disease problems and needs to be kept to a minimum. S trict 
sani tation should be maintained from the s tart with each group of pigs raised in 
the brooder.  We t ,  dirty facili ties can harbor diseases or cause the s tart of 
serious scouring problems . 
S ummary 
Sixty-four pigs were used in two trials to s tudy the rearing of young pigs 
in an automatic feeding pig brooder . Even though the numbers are limi ted , prelimi­
nary results would tend to indicate that young pigs have the b es t  chance of survival 
i f  placed on the machine at 12  to 24 hours af ter firs t receiving colostrum . S urvival 
rate for pigs placed in the brooder between 12 and 24 hours was 87 . 5% .  The maj or 
prob lem now appears to b e  in getting the pigs to a heavier 21-day weight and as 
a result an earlier age at 200 to 240 lb . 
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Table 1 .  Compos ition of S tarter Die ts (Percent) 
Diets 
Ingredients 18% 20% 
Ground yellow corn 72 . 0  34 . 0  
S oybean meal , 4 8 . 5%  24 . 0  2 2 .0 
Oats , rolled 25 . 0  
Skim milk , dried 10 . 0  
S ugar 5 . 0 
Dicalcium phosphate 1 . 9  1 .4 
Limes tone 0 . 5 0 . 7 
T .M.  sal t ,  1% zinc 0 . 5  0 . 5 
Vi tamin premixa + + 
a Provided per lb . of  diet : 1 700 I .U .  vitamin A ,  178  I .U .  vitamin D ,  1 . 25 
mg. riboflavin , 5 mg . calcium pantothenate ,  10 mg . niacin , 50 mg . choline , 
7 . 5  mcg .  vi tamin B 12 and 125 mg .  of ASP 250 . 
Table 2 .  Average Weigh ts of S urviving Pigs at Various 
Time Intervals (Trial 1) 
Age (hours) when removed from sow 
0 6 1 2  18 
Birth weigh t ,  g .  1226 ( 8) a 1216 ( 8) 1261 ( 8) 1267 
Weigh t ,  2 days 1228 ( 7) 1249 (6 )  1331 ( 8) 1349 
Weigh t , 7 days 1702 ( 4) 1730 (5)  149 7 ( 7) 15 84 
Weigh t ,  1 4  days 1899 ( 4) 2228 (5)  19 20 ( 7) 196 5  
Weight , 21 days 245 3  ( 3) 260 8  (5)  2282 ( 7) 2 314 
( 8) 
( 8) 
( 7) 
( 7) 
( 7) 
a 
Number in parenthesis denotes number of pigs surviving at time various weights 
were taken . 
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Table 3 .  Average Weights of  S urviving Pigs at Various 
Time Intervals ( Trial 2)  
Age (hours) when removed from sow 
6 12 24 48 
Birth weigh t ,  g .  1324 ( 8) a 1359 ( 8) 1391 ( 8) 1366 (8)  
Wei gh t ,  7 days 15 80 (6 )  160 7 ( 7) 1611 ( 7) 1670 (5 )  
Weigh t ,  14 days 199 3  (6 )  2029 ( 7) 19 22 ( 7) 2019 (5 )  
Weigh t ,  21 days 2562 (6 )  2 7 21 ( 7 )  2575  ( 7) 2615 (5 )  
a Number i n  parenthesis denotes number of pigs surviving at time various weigh ts 
were taken . 
Artificial pig rearing unit as described 
in this article . 
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Figure 1 .  Percent survival at various time intervals . 
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Swine Diets Utilizing Wheat 
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J. W. McCarty , R. C .  Wahls trom and A. E .  Dittman 
The practicality of  using wheat in diets for growing-finishing swine has 
been the subj ect of a series of trials conducted at the Experiment S tation ' s  North 
Central Subs tation , Eureka , South Dakota . 
Corn based diets for swine are considered the s tandard for comparison . But 
there are times , such as the availability of different grains or their relative 
prices , when at tempting to take advantage of the greater protein content of wheat 
seems desirab le .  Corn and wheat are about equal in energy value , diges tibility 
and palatability .  
Previous trials have sugges ted that , when die ts were supplemented a t  the same 
level and ei ther corn or wheat was used in the same amount as the grain , pig gains 
were s imilar . However ,  pigs fed corn die ts were more efficient in terms of both 
feed use and cos t per pound of gain . Wheat die ts supplemented at lower levels 
to assess the value of wheat ' s  higher protein level relative to corn and fed wi th 
or wi thout supplemental lysine did not support sat isfactory p ig performance in 
terms of gain , feed efficiency or feed cos t .  Results of these trials sugges ted 
that an intermediate level of protein supplementation for wheat should be investi­
gated . The trial reported here was designed wi th that obj e ctive . 
Procedures 
Experimental animals were 120 rotation-b reed-cross barrows and gilts . All pigs 
were by the same sire and were allot ted to represent litters , sexes and weight . Tes t 
groups included 15 pigs each allotted to four treatments in two replicates . Pigs 
were grown out in one-half acre grass-alfalfa pas ture lots . Each lot was equipped 
with a portable shelter , a self-feeder and an automatic watering fountain . 
Diet treatments were as outlined below : 
1 .  Corn-high protein, control 
2 .  Wheat , high protein 
3 .  Wheat , medium protein 
4 .  Wheat , low protein 
All die ts ( composi tion shown in table 1) were ground mixtures of grain , protein 
and supplements which contained similar levels of minerals , vitamins and antib iotics . 
All diets were self-fed . 
At average lot weights of approximately 125 lb . grower diets were replaced by 
finisher diets , the latter being fed until pigs reached final weights of 205 lb . 
minimum for b arrows and near 200 lb . for gilts . At final weights barrows were 
trucked 160 miles to a packing plant for the collection of carcass information . 
Live backfat measurements were made on all gilt s .  
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Results and Dis cussion 
Performance results for this trial are summari zed in tab les 2 and 3 .  Data 
are shown by treatment rather than lot since the two replicates of each treatment 
indicated a similar response to the treatments imposed . Tab le 2 includes information 
for pig gains and for feed use and cos t . Table 3 includes carcass informat ion . 
In this trial the control corn die t supported the mos t  efficient performance 
in terms of gains and feed use and cos t for the ent ire growing-f inishing period . 
Rather unexpectedly pigs fed the wheat-medium level protein die t gained almost  as 
rapidly but not as efficiently as pigs fed the control die t .  As compared to con­
trols , the p igs fed wheat-high protein and wheat-low protein die ts gained 7 and 9% 
less rapidly , respectively , for the trial . Feed use for these same two treat­
ments was 9 and 11 . 5% greater , respect ively , than for control die t-fed pigs . Feed 
cos ts were consis tent with these differences in gain and feed efficiency . 
I t  is interes ting to note that during the grower period daily gains were 
essential ly the same for all treatment s .  During this period pigs fed the wheat­
medium pro tein diet were more efficient than pigs on other treatments , and cos t 
per pound of gain was the least . Of the four treatments the wheat-low protein 
was clearly leas t des irable in terms of feed use and cos t . This treatment appears 
uneconomical given a choice of die t ingredient s .  
Differences among treatments were mos t  s triking for the finisher period . Only 
control pigs gained more rapidly during this period as would usually be expe cted . 
The wheat-high protein die t , which dif fered from the control die t  wi th the equal 
subs titution of wheat for corn , proved less desirab le for the finishing period . 
Therefore the relat ively good finisher performance of wheat-medium protein fed 
pigs was surp rising . The data sugges t no b asis for this contradict ion . These 
data are not entirely consis tent wi th some reports that continuing pigs on high 
levels of wheat in the diet during the finishing period results in less des irable 
performance . 
Carcass data ( table 3) sugges t that there were no important influences of the 
treatments on carcass traits in this trial . Final age dif ferences are largely a 
reflection of differences in daily gain among the treatments . Sampling erro r 
appears largely responsib le for the larger loin eye areas of the pigs fed the 
wheat-medium protein die t .  Carcass backfat and lo in eye area measurements were 
uniformly undesirab le for all treatments and likely not the result of treatments .  
Conclusions 
In terms of gain and the cos t  of producing i t ,  this trial reaffirms the 
e fficiency of adequately supplemented corn diets for growing-finishing pigs . The 
results do no t argue agains t the use of wheat in swine die ts ,  but the relative 
amount of wheat in the diet and the supplementation used , particularly in the 
finishing period , needs attention . The us e of wheat or corn will depend on their 
relative availability and prices . 
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Table 1 .  Composi tion of Experimental Diets 
( For 1 ,000 lb . of Complete Ground Mixture) 
Treatment 
1 2 3 4 
Ingredients Grower Finisher Grower Finisher Grower Finisher Grower �inisher 
Shell ed corn 
Wheat 
Soybean oil meal ( 44%) 
Dicalcium phosphate 
Ground limes tone 
Trace mineral s alt 
(0 . 8  to 1 . 0% zinc) 
Vi tamin-antib iotic premixa 
Chemi cal analysesb 
Protein , % 
Calcium, % 
Phosphorus , % 
7 9 7  
178  
10 
8 
5 
2 . 5 
16 .99  
0 . 7 8  
0 . 59 
885 
9 2  
9 
7 
5 
2 . 5 
797  
178 
10 
8 
5 
2 . 5 
20 . 53 
0 . 6 3  
0 . 6 3  
885 
9 2  
9 
7 
5 
2 . 5 
842 
133 
10 
8 
5 
2 . 5  
19 . 21 
0 .69 
0 . 5 8  
9 30 
46 
10 
7 
5 
2 . 5 
884 
90 
11 
8 
5 
2 . 5  
17 . 81 
0 . 55 
0 . 6 3  
9 7 5  
11 
7 
5 
2 . 5  
a Each pound of premix provided : 2 gm .  oxyte tracycline , 600 , 000 U . S . P . uni ts vi tamin A ,  60 l . U .  vi tamin D3 , 
400 mg. riboflavin , 1 , 000 mg. d-pantothenic acid , 3 , 000 mg . niacin , 23 , 044 mg . choline chloride , and 
b 3 mg. vi tamin B 12 activi ty . 
Chemical analyses of finisher rations not completed in time for inclusion in this report . 
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Tab le 2 .  Performance Summary for Pigs Fed Corn or Wheat Growing Diets 
··---·----·-·---·-- ··-·---- ----- -·-------· ·-·-- -
Wheat Die ts 
Corn High Medium Low 
( control) , __ ____ ____I?.ro tein ---·� protein __ __ ___ _P.rotei!l_ 
Numb er of pigs 30 2 8
a 30 30 
Average ini tial weigh t ,  lb . 59 . 4  59 . 2  5 8 . 9 59 . 8  
Average pig weight , lb . 
End of grower p eirod 125 . 8  124 . 6  125 . 9  123 . 7  
End of trial 208 . 8  209 . 6  208 . 2  209 . 2  
Average daily gain , lb . 
Grower period 1 . 58 1 . 56 1 . 59 1 . 5 2  
Finisher period 1 . 66 1 . 4 8  1 . 5 8 1 . 42 
Entire trial 1 . 6 2 1 . 51 1 . 59 1 . 4 6  
Average daily feed consump tion , lb . 
Grower 4 . 21 4 . 10 4 . 07 4 . 48 
Finisher 5 . 79 5 . 85 6 . 0 3  5 . 79 
Total 5 . 05 5 . 11 5 . 16 5 . 25 
Feed per pound gain , lb . 
Grower period 2 . 6 7  2 . 6 3 2 . 55 2 . 9 5 
Finisher period 3 . 4 9 3 . 9 5  3 . 82 4 . 07 
Total 
Feed cos t  per pound of gain , centsb 
3 . 11 3 . 38 3 . 25 3 . 59 
Grower 9 . 2  9 . 3  8 . 7  9 . 6  
Finisher 11 . 1  12 . 9  12 . 0  12 . 2  
Total 10 . 4  11 . 7 10 . 8  11 . 3 
Feed cos t per ton , dollars 
Grower 6 8 . 51 70 . 10 6 7 . 4 1  66 . 89 
Finisher 6 3 . 13 6 4 . 90 6 2 . 20 59 . 5 1 
a One pig died in each lot on the 76th day of the trial . The cause was probab ly very warm weather . 
b Total feed cos ts are based on the following ingredient and processing prices : Corn , $2 . 50 /cwt . ( $ 1 . 40/bu . ) ; 
wheat ,  $2 . 60 / cwt . ( $ 1 . 5 6 /b u . ) ;  soybean oil meal , $5 . 60/cwt . ; dicalcium phosphate , $5 . 70/cwt . ; ground lime­
s tone , $ 1 . 80 /cwt . ; trace mineral salt (high zinc) $ 3 . 00 /cwt . ; vitamin-antib iotic premix , $0 . 50 / lb . ; grinding , 
$ 2 . 50 / ton ; mixing , $2 . 00 / ton . 
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Table 3 .  Carcass Data Summary 
Wheat diets 
Corn High Medium 
Treatment s ( control) protein .... pro tein 
Numb er carcasses 12 14 14 
Final age ,  days 15 3 159 154 
Final weight , lb . 219 218 2 15 
Cold carcass weight , lb . 160 157 154 
Carcass length , inches 30 . l  30 . 0  29 . 8  
Carcass backfat , inches 1 . 69 1 . 68 1 . 69 
Loin eye area , sq . in . 4 . 0 7  4 . 06 4 . 42 
Ham and loin , % 42 . 6  42 . 6  42 . 5  
Lean cuts , % 5 8 . 6  58 . 8  5 8 . 7  
Carcass data were available through the cooperation of Armour and Co . ,  Huron , South Dakota . 
Low 
..E..;'Otein 
16 
163 
216 
157 
30 . 1  
1 . 6 3 
3 . 99 
42 . 5  
59 . 1  
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An Evaluation of Muscle Fib er S i ze and Number as 
Indicators o f  Pork Quali ty and Meatiness 
W .  J .  Costel lo , R. J .  Smi th and K .  E .  Gils ter 
Recogni tion of pork quali ty assets and liabili ties as well as accurate pre­
diction of meatiness in prospe ctive b reeding animals are necessary for gene tic 
progres s in those e conomically important trai ts . Tools wh ich will improve the 
ability to select animals wi th superior mus cle development and meat q uali ty trai ts 
mus t be developed . 
Mus cle cell s i ze has been associated wi th overall muscle or meat yield in 
p as t  res earch . Recent European repo rts indicate relat ionsh ips b e tween muscle cell 
size and numb er and pork quality . A small sample of mus cle , removed surgi cally 
from a b reeding animal , could be evaluated and the results utili zed in selection 
decisions if mus cle cell characteris tics do indicate meat quali ty and q uantity 
trai ts . This s tudy was ini tiated to de termine if the reported relationships could 
b e  obs erved.  
Procedure 
Eighty-four crossb red b arrows were self-fed rations containing 20% (high) , 
16% (moderate) and 12% ( low) protein . S ix treatments were des igned by changing 
the protein levels during three feeding p eriods : 4 5  to 100 lb . ,  100 to 170 lb . 
and 1 70 to 240 lb . The treatments used are indicated in table 1 .  The barrows 
were s laugh tered and chilled 24 hours before mus cle samples were removed from 
the ham and loin for mus cle cell or fib er evaluat ion . Carcass data including 
weigh t ,  length and backfat thickness were collected at the same time . Sub se­
quent cu tting of the carcasses res ul ted in the following data : loin eye area , 
ham weigh t ,  loin weigh t ,  edib le portion weight , percent ham and lo in , percent 
lean cuts , p ercent edib le portion , marb ling s core of the loin eye and color and 
firmness s core of the lo in eye . Samp les of the loin were removed and s tored until 
percent mois ture , fat and pro tein as wel l as shear tendernes s and percent cooking 
loss could b e  determined . 
Thin sect ions ( 10 microns)  were prepared from the ham and lo in mus cle samples 
and photographed under a microscope . From the photographs , the average fiber 
diame ter of each sample was determined by measuring a number of fibers per sample . 
The numb er of fib ers p er square millime t1r (mm.2) were coun ted from the photograph 
by using a template scaled to equal 1 nnn at the original tis sue dimension . The 
total numb er of muscle fib ers per loin eye was calculated by multiplying the numb er 
of fib ers per mm2 by the number of mm2 of loin eye area . 
The data were analyzed to determine if  treatment (protein levels fed at dif­
ferent growing and finishing s tages) influenced fiber measurements . Simple corre­
lation coefficients were calculated to evaluate the relationship between the fib er 
trai ts s tudied and other carcass and meat trai ts lis ted earlier . 
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Results 
Tab le 1 lis ts the mean or average values for each fib er trai t in the six 
treatment groups . Small differences were obs erved in the means indicat ing that 
the variat ions in protein levels did not influence muscle cell size and deve lopment .  
Statis tical analysis did reveal a significant difference between the mean values 
for ham fib ers per mm2 • The relat ively wi de spread b e tween 155 . 06 fibers per 
nun2 for treatment 2 and 16 7 . 6 9  fibers per mm2 for treatment 3 may account for 
the s tatis tical significance . Although the ham fiber diame ter was the larges t  for 
treatment 2 and therefore one would expe ct fewer fibers per mm2 , the differences 
in fib er size do not account for the differences in interval be tween fib ers per 
mm2 means . 
Table 2 lis ts correlation coe ffi cients between muscle fiber traits and other 
carcass and meat traits s tudied . A correlat ion coe ffi cient of +1 . 00 would indicate 
that a variat ion of one uni t  in one trai t is always associated wi th a cons tant 
amount of variation in another trai t .  When correlations are high , i t  is possib le 
to use an easily ob tained measurement to es timate or predict something that is 
difficul t or impossible to measure .  Correlat ion coefficients approaching 0 ( 0 . 15 
to - . 15)  indicate that one trai t may vary wi th little , if  any , relationship to 
the other trait . 
The correlat ion coefficients in tab le 2 are low , part icularly in the firs t 
four columns . Those columns represent data which could be ob tained from a muscle 
sample removed from the animal . The mus cle cell measurements us ed were of little 
value in es timating or predicting the other trai ts measured in the carcass . Larger 
correlat ion coeffi cients resulted when total fibers per loin eye area were calculated 
using loin fib ers per mm2 and loin eye area . I t  would appear that fibers per 
loin eye area may have some predictive usefulnes s .  However , when the correlation 
coefficient s b etween other trai ts and loin ey e area alone are considered , they 
are even higher . Therefore , if  a loin eye area measure is availab le ,  more advantage 
can b e  gained by using i t  alone than is possib le by comb ining i t  wi th mus cle fib er 
data to de termine fib ers per loin eye area . Loin fib er diame ter demons trated the 
highes t correlation coefficients wi th the quali ty traits , marb ling score and co lor 
and firmness s core . However , the correlation coe fficients of 0 . 34 and 0 . 28 are 
not high enough to permi t accurate prediction or es timat ion of muscle quali ty 
from fib er measurements . 
Summary 
Mus cle cell or fib er diame ter measurements were made on samples from 84 cross­
b red b arrow carcasses and related to protein level treatments , pork quali ty traits 
and carcass evaluations of meat ines s .  The six protein level comb inat ions us ed 
in this s tudy did not influence mus cle fiber diame ter in the ham and loin . A 
signifi cant difference was found b e tween treatments in the number of ham fib ers 
per square millime ter . 
Correlation coefficients b e tween muscle fib er trai ts and both carcass meatiness 
and pork quali ty traits were low .  
Resul ts of the s tudy indicate that measurement o f  mus cle fiber diame ter of 
the loin and ham and numb er of fib ers per mm2 would no t be effective select ion 
tools in a group of uniform market weight swine . 
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Trai ts 
Ham fib er diame ter (µ) 
Loin fib er diame ter (µ) 
Ham fib ers per nu:n.2 
Loin fib ers per nu:n.2 
Total fibers per LEA ( 100) 
Tab le 1 .  Treatment Means for Mus cle Fiber Measurements 
Treatments (Protein level wi thin weigh t intervalsa) 
1 2 3 4 5 6 
(H-H-H) a (H-M-L) ( L-L-L) (L-M-H) (M-L-L) (M-L-M) 
77 . 11 7 7 . 5 2 76 . 02 76 . 80 7 5 . 0 8 7 l• . 45 
76 . 44 7 7  . 36 76 . 08 7 8 . 36 78 . 50 78 . 6 7 
171 . 31 155 . 06 16 7 . 69 172 . 40 174 . 0 2  169 . 21 
15 5 . 56 148 . 9 8  16 1 . 9 4 15 3 . 23 164 . 38 149 . 06 
4 9 24 . 38 4567 . 25 4 704 . 0 2  4821 . 4 4  5109 . 06 4536 . 6 5 
a Protein levels : H = 20% , M = 16% ,  L = 12% . Weigh t intervals : (45  to 100-100 to 1 70-170 to 240 lb . ) . 
w 
en 
(>.) 
Tab le 2 .  S imple Correlation Coefficients Between Muscle Fib er Measurements and Other Traits 
Ham Loin 
fiber fiber 
diameter diameter 
Age at slaughter 0 . 10 0 . 1 3  
Average daily gain - . 07  - . 1 7  
Carcass weight 0 . 10 0 . 24 
Loin eye area 0 . 0 5  0 . 14 
Backfat thickness 0 . 0 2  0 . 06 
Carcass length - . 10 - . 25 
Percent ham and loin - . 0 1  - . 0 8  
Percent lean cuts 0 . 0 3  0 . 0 2  
Percent ed ib le port ion 0 . 0 2 0 . 04 
Ham weight 0 . 10 0 . 01 
Loin weigh t  - . 0 4  0 . 04 
Edible portion weigh t  0 . 0 8  0 . 17 
Percent mois ture 0 . 1 3  - . 11 
Percent fat - . 10 o . oo 
Percent protein 0 . 0 3  0 . 05 
Marbling s co re 0 . 10 0 . 34 
Color and firmness s core 0 . 20 0 . 28 
Shear tes t 0 . 19 - . 0 2  
Percent cooking loss - . 0 7  0 . 1 3  
Ham 
fib ers 
per nnn2 
0 . 06 
- . 0 5  
- . 21 
- . 20 
0 . 1 2  
0 . 0 2  
0 . 0 3  
- . 04 
- . 17 
- . 0 7  
- .0 5  
- . 27  
0 . 04 
- . 0 2  
- . 06 
0 . 07  
0 . 06 
0 . 07  
- . 15 
-----
Loin 
fib er� 
per nnn 
- . 27  
0 . 28 
- . 2 8  
- . 14 
0 . 10 
0 . 14 
0 . 06 
- . 0 5  
- . 12 
- . 04 
- . 0 8  
- . 26 
0 . 0 7  
- . 0 3  
0 . 1 3  
- . 02 
0 . 0 5  
0 . 14 
- . 2 3  
Total 
fibers 
per LEA 
- . 22 
0 . 24 
- . 07  
0 . 49  
- . 2 2 
0 . 21 
0 . 4 3 
0 . 35 
0 . 28 
0 . 35 
0 . 32 
0 . 19 
0 . 10 
- . 1 5 
0 . 1 5 
- . 10 
- . 03  
- . 09 
0 . 11 
- 1  
Loin 
eye 
area 
0 . 06 
- . 05 
0 . 32 
1 . 00 
- . 49 
0 . 14 
0 . 6 1  
0 . 6 5 
0 . 62 
0 . 6 5 
0 . 64 
0 . 70 
0 . 10 � 
- . 25 
0 . 07 
- . 18 
- . 1 5 
- . 30 
0 . 4 8 
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New Pork Indus try Prob lems : PSS and PSE 
Dan H. Gee 
Over the pas t decade the swine producer has made tremendous s trides in pro­
ducing leaner and more heavily muscled hogs which yield a higher proportion of 
thei r  carcass weight in lean edib le por tion . The modern pig has excelled his 
ances try in to tal performance , growth , feed efficiency and mus cle producing ab ili ty .  
Be cause o f  the advances made in nutri tion , bre eding and management , the meat type 
pig of today is more efficient than ever before in conversion of feed protein to 
mus cle pro tein. In addition , the environment under which many pigs are rais ed 
has b een changed from the cus tomary pas ture and dirt lot to a mechanically ope rated 
confinement sys tem .  These changes i n  production have added some new problems 
to the swine indus try . 
Important on the lis t of these new problems is the Pork S tres s Syndrome (PSS) 
and the produc tion of pale , soft and exudative pork (PSE) . Both of thes e prob lems 
arise b ec ause of the inability of many pigs to adap t to the numerous s t resses to 
whi ch they are exposed . The lack of ab ility to adapt to s tress may show up in 
one o f  two ways , ( 1) the PS S syndrome which refers to a condi tion prior to slaughter 
(often resulting in death) in which pigs show obvious symp toms of excitement when 
exposed to the usual s tresses of medical treatment , weighing , hauling , mixing , 
s or ting and figh ting , or ( 2) the PSE condition which refers to a poor quali ty 
carcass that lacks normal grayish-pink color , is very soft to the touch and lacks 
abili ty to hold mois ture . 
Researchers have indicated that the symp toms and events leading to the develop­
ment of PSE and PSS are very simi lar . Animals which poss ess the shock-like syndrome 
are very exci ted as indicated by tail tremors , shortnes s of breath , rapid b reathing , 
elevated body temperature , not iceab le skin b lotching and evidence of s tiffness . 
S uch condi tions in the live animal may ult imately result in death b efore s laugh ter . 
I f  the pig lives until s laughter , the carcass will exhib i t  rapid rigor mo rtis 
and will lack the color , firmness and water binding capacity of normal pork . In 
add i tion , PSE pork also lacks marb ling . 
The overall eating accep tability of pork is mos t  o ften based on the flavor , 
j uiciness and tenderness of the chop . Because of the lack o f  marbling in PSE 
pork , mos t  tas te panels indicate that PSE chops lack some of the j uiciness and 
tenderness of normal pork . The poor water binding capaci ty of PSE mus cle is o f  
concern to the packer b ecause i t  shrinks more than normal muscle and thus results 
in reduced yields o f  cured products . 
There are pro found differences among animals of different b reeds and among 
thos e o f  the same b reed in their ability to adap t to or cope wi th s tress . Some 
animals are capable of res toring physiological b alance in muscle during s evere 
s tress , whereas o thers apparently do not possess this ab ili ty .  The difference 
between various b reed s of swine based on their ab ili ty to wi ths tand s tress and 
produce normal quali ty carcasses varies from one s tudy to ano ther sugges ting that 
no single breed can b e  deemed "s tress sus ceptib le . "  Crossbred animals have also 
displayed the condition , indicating a s imilar gene tic mechanism in all b reeds . 
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The influence of gene tics on the prob lem of PSS and PSE is no t comple tely 
known , but i t  is the opinion of mos t  researchers that the condition is moderately 
to highly heritable . Heri tability es timates of various measures o f  quality sug­
ges t it to be in the range of 30 to 50 percent . Therefore , this trait could be 
changed by selection , provided quali ty potential was measurab le on the live animal . 
Because the characteris tics of PSS and PSE are s trongly influenced by heredity , 
b reeders should avoid keeping s to ck in the herd that produce pigs which are s tress 
suscep tib le and result in poor pork quali ty (or death as of ten occurs wi th PSS) . 
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Effect of Lactation Feeding Level on Sow and Pig Performance 
George W .  Lib al ,  Larry R .  Dunn and Richard C .  Wahls trom 
Management of the lactating sow and her li tter varies from farm to farm . 
The maj or goal o f  feeding management is to increase milk production o f  the sow 
in order to ob tain maximum weaning weigh ts o f  pigs . Mos t  producers have followed 
the recommendation of ad libi tum feeding during lactation wi th the assump tion 
that increased nutrients , particularly energy , would increase milk produc tion . 
There is evidence , however , that milk production is related more to the numb er 
of nursing pigs than to the amount of feed provided . I t  is also influenced by 
the length o f  lactation and the general condition of the sow . A given amount 
of energy , protein, minerals , and o ther nutrients mus t b e  supplied for each increas e 
in milk production whether these nutrients come from the feed or body tissue break­
down . The ques tion aris es then as to whether there is a real produc tion and e conomic 
advantage to full feeding sows during lactation or whe ther alternative management 
should b e  employed for maximum profi t .  
In an attemp t to answer this ques tion Pennsylvania S tate Univers i ty recently 
comple ted an experiment wi th lactating sows comparing daily ad lib i tu� feeding 
with feeding 1 lb . of feed per nursing pig . During a 49-day lactation period , 
sows fed ad lib itum consumed 346 . 7  lb . more feed and los t  6 1 . 3  lb . less weigh t 
b ut had nO-significant advant age in p ig survival or pig weaning weigh t .  Pigs 
from the controlled intake sows ate 20 lb . more creep feed per li tter . From thes e 
figures i t  would appear there is no product ion advantage to ad lib i tum feeding 
of lactat ing s ows . 
The s tudy reported herein was des igned to repeat this work comparing produc­
tion and economic advantages for these two feeding management practices over a 
2 1-day and a 42-day lactation period . 
Procedure 
Nineteen sows and gilts were randomly allotted to two lactation treatment 
groups . During lactation six sows and three gilts were fed ad lib i tum and six 
s ows and four gi lts received 1 lb . of feed per day for e ach nurs ing pig . The 
lactation diet was a 16% protein, corn soyb ean meal diet containing 10% b ee t  pulp 
as a laxative ingredient . 
Lit ter s i ze , litter weigh t  and individual pig weights were ob tained at birth , 
2 1  days and 4 2  days . Sow weights were recorded immediately after farrowing and 
at 2 1  days and 42 days of lactation . Records of sow feed consumption and creep 
feed , which was provided for the las t 21 days of the lactation , were ob tained . 
Results 
The li tter production data are shown in table 1 .  
No s tatis tically significant differences in li tter s i ze , litter or pig weigh t ,  
or percent survival at 2 1  o r  4 2  days exis ted between groups as a result o f  lactation 
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feeding levels . This is in agreement wi th the Pennsylvania work whi ch would 
indicate no advantage in milk production through heavier pig weaning weigh ts from 
the addi tional feed intake of the sow .  
Random allotment o f  sows t o  the two feeding regimes produced some bui lt-in 
differences in litter size and wi th i t  dif ferences in li tter weigh t  and b irth 
weigh t .  These differ ences would account f or part of the advantage in li tter weigh t  
a t  42  days of age whi ch was 3 1  lb . t o  the advantage of ad libi tum feeding . 
However , i t  would appear that ad libi tum fed sows produced more milk during 
the las t three weeks of lactation . Average pig weight was sligh tly less for pigs 
from ad libi tum fed sows at both birth and 21 days but averaged almos t 3 lb . heavier 
at 42-"days . These pigs also ate about 0 . 5 lb . les s creep feed per pig during this 
t ime . I t  is possib le ,  however , that they may have consumed some of the sows ' feed 
and that the inc reased weigh t is not entirely due to an increas e in milk product ion 
of the sow . 
Data on feed consump tion , sow weight change and pig creep feed consump tion 
are presented in tab le 2 .  Total sow feed consumption , daily feed consump t ion , 
daily feed per pig weaned and weigh t change from farrowing were significantly 
different due to treatment when considering ei ther a 21- or 42-day lactat ion period . 
The amount o f  creep feed the pigs consumed did not differ due to nut rient level 
fed the sows . 
Besides differences due to treatment some signi ficant differences were ob s erved 
between first li tter gilts and aged sows . Regardless o f  nutri tional regime , gilts 
ate less feed per pig nursing and los t  more weigh t during the first 21 days of 
lactation . At the end of the 42-day lactation period gilts had eaten significantly 
less total feed ,  daily feed , and feed per pig nurs ing as well as having los t signifi­
cantly more weigh t  than aged sows . 
Differences in dollars returned as influenced by lactation feeding management 
are shown in tab le 3 .  Base values of $60 per ton fo r feed , $40 per hundred weigh t  
for pigs weaned ( 2  x $ 2 0  cwt . for butchers) and $ 15 per hundred weigh t  for wet 
sows were used . 
In the 21-day lactation period feed consump tion was 9 4  lb . less per sow fed 
1 lb . per nursing pig compared to ad lib i tum feeding . Considering the 42-day 
lactation the difference was 228  lb . Thes e differences in feed consump tion resulted 
in a $ 2 . 82 and a $6 . 84 advantage per sow for controlled feeding for the 21- and 
42-day lactation periods , respectively . 
When considering s ales of wet sows after lactation , 44 fewer pounds were 
los t to 21 days and 49 fewer pounds to 42 days which resulted in respective econ­
omic advantages of $6 . 60 and $ 7 . 35 for sows fed ad lib i tum .  Pig s ales at 21 days 
would resul t in a $ 1 . 40 advantage for controlled feeding and at 42 days a $12 . 32 
advantage for ad lib i tum feeding . Combining thes e cos ts and re turns , a net advan­
tage o f  $ 2 . 38 and $ 12 . 83 for 2 1- and 4 2-day lactations , respe ctively , was realized 
for sows whi ch were fed ad lib i tum . Applying the s ame cos ts and prices to the 
Pennsylvania study , the 49-day lactation resulted in a $ 3 . 23 advantage for con­
trolling feed intake . 
I t  would seem reasonab le to sp eculate from this experiment that the shorter 
the lactation the smaller the advantage to ad libi tum feeding . If equal pounds 
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of pigs are weaned between management practices , the di fference in pro fi t  depends 
upon feed consump tion and sow weigh t loss . For firs t or second litter sows which 
will b e  returned to the herd rather than sold , weigh t loss will no t be e conomically 
important and reduced feed intake would result in reduced feed cos ts and thus 
increased profits for that lactation . The extent of weigh t  loss which can practi­
cally and e conomi cally be allowed will mos t cert ainly depend upon s tarting con­
dition of the sow and plans for future production or immediate s ales . 
Summary 
Nineteen sows and gilts were allotted to two lactat ion treatments consis ting 
of ad lib i tum feeding and feeding 1 lb . per day for each nursing pig . All data 
wer-;-calculated for a 21-day and a 42-day lactation period . No significant differ­
ences were obs erved in li tter and pig weights or percent survival due to treatment . 
Sows f ed ad libi tum ate significantly more feed and los t  s igni ficantly less weigh t  
than those on controlled intake regardless of lactation length . Cons idering feed 
cos ts , pig s ales and wet sow s ales , ne t re turn per sow was greater for both 2 1-day 
and 42-day lactations when the ad lib i tum feeding regime was employed . 
Birth 
Li t ter size 
Li tter weigh t ,  lb . 
Average pig weigh t ,  
21 Days 
Litter si ze 
Lit ter wei gh t ,  lb . 
Average pig weigh t ,  
Percent survival 
42 Days 
Li tter si ze 
Li tter weigh t ,  lb . 
Average pig weigh t ,  
Percen t survival 
Tab le 1 .  Li tter Product ion Data 
lb . 
lb . 
lb . 
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S ow Lactation Feeding Management 
Ad lib i tum 1 �b . /pigjday 
10 . 0 8  9 . 6 7  
30 . 64 31 . 16 
3 . 04 3 . 27 
8 . 75 8 .  71  
9 6 . 58 100 . 06 
11 . 29 11 . 7 2  
87 . 83 9 1 . 9 8  
8 . 7 5 8 . 54 
216 . 7 1  1 85 . 9 4  
2 5 . 18 2 2 . 26 
87 . 83 90 . 65 
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Tab le 2 .  Feed Consump tion and Sow Weigh t  Change Data 
21 Days 
Total s ow feed consump tion , lb . 
Daily sow feed consumption , lb . 
Daily s ow feed per pig , lb . 
Sow weigh t  change , lb . 
42 Days 
Total sow feed consump tion , lb . 
Daily sow feed consump tion , lb . 
Daily s ow feed per pig , lb . 
Sow weigh t  change , lb . 
Creep Feed 
Total litter feed consump tion , lb . 
Creep feed per pig , lb . 
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Sow Lactation Feeding Management 
Ad lib i tum 1 lb . /Eig/day 
2 6 5  
1 2 . 6  
1 . 54 
8 . 2  
589  
1 4 . 0  
1 .  72  
- 8  
7 2 . 83 
8 . 32 
171 
8 . 2  
0 . 9 3  
-36 
361 
8 . 6  
1 . 00 
-57  
75 . 38 
8 . 83 
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Table 3 .  Comparison o f  Re turns- Per Sow 
21 Days 
Feed cos ts : 9 4  lb . difference in total feed 
consumpt ion x $0 . 0 3/ lb . = $2 . 82 (advantage 1 lb . /pig/day) 
S ow s ales : 44 lb . difference in sow weigh t 
change x $0 . 1 5 / lb . = $6 . 60 (advantage ad lib itum) 
Pig s ales : 3 . 5  lb . difference in li tter weight x $0 . 4 0/ lb . = $ 1 . 4 0  
(advantage 1 lb . /pig/day) 
Pro fit per sow : $6 . 60 - ( $ 2 . 82 + $1 . 40) = $2 . 38 more per sow fed ad libi tum 
42 Days 
Feed cos ts : 2 28 lb . difference in total feed consump tion x $0 . 0 3 /lb . = 
$6 . 84 ( advantage 1 lb . /pig/day) 
Sow s ales : 49 lb . difference in s ow weight change x $0 . 1 5 / lb . = 
$ 7 . 35 ( advantage ad lib itum) 
Pig s ales : 30 . 8  lb . difference in li tter weight x $0 . 40/lb . = 
$12 . 32 ( advantage ad lib i tum) 
Profit per sow :  ( $7 . 35 + $12 . 32) - $ 6 . 84 = $12 . 83 more per sow fed ad lib itum) 
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REPRI NTED BY PERM I S S I ON E-3.31R/500/8-71 
SOUTH DAKOTA COMMITTEE ON WATER POLLUTION 
REGULATION OF LIVESTOCK ENTERPRISES FOR WATER QUALITY CONTROL 
This regulat ion establishes the procedures for applying for a permit for the 
discharge of waste and the requirements for operation of water pollution 
control facilit ies for l ivestock enterprises and has been adopted by t he 
South Dakota Committee on Water Pollution in accordance with the Water Pol­
lut ion Control Act, Chapt er 4 6-25, SDCL 1 967, as amended, and the Administrative 
Procedure Act ,  Chapter 1-26, SDCL 1 967 , as amended. 
It is the intent of these regulations that pollut ion as a resul t of livestock 
be controlled. It is recognized that livestock enterprises are highly in­
d ividual in their construct ion , location, and other factors ; and permits for 
the discharge of waste for l ivestock enterprises shall be considered by the 
Committee on Wat er Pollut ion on an ind ividual basi s .  
Sect ion I - Definit ions 
1 .  The term "pollution" shall mean t he d eterioration of t he quality 
of any of the waters of t he State as set forth in "Water Qual ity 
Standards for the Surface Water s  of South Dakota" .  
2. The words "livestock enterprise" shall mean t he feeding of cattle,  
swine , sheep , horses , fowl, fur animals ,  or other l ivestock in 
lot s  or pens , or concentrat ions of such animal s in feeding , hold ing, 
or wintering areas . 
3. The word s "animal unit " shall mean : 
1 beef cow, steer , feeder, or fat beef animal = 1 animal unit 
1 horse = 1 animal unit 
0 . 7  dairy cow = 1 animal unit 
1. 7 swine = 1 animal unit 
6 . 7  sheep = 1 animal unit 
33 hens, cockerels, capons, broil ers, or ducks = 1 animal unit 
1 0  geese or turkeys = 1 animal unit 
4 .  The t erm "operator" shall mean an individual, a corporat ion , a 
group of ind ividuals ,  joint venturers, a partnership, or any other 
business ent ity owning or having charge or control of one or more 
livestock enterprises . 
5 .  The word s "retention ponds "  or "waste-hold ing pit s "  shall mean 
excavated , d iked , or concrete structures , or natural depressions 
provided for or used for t he purpose of containing or retaining 
wastes consisting of excreta ,  feed losses , and litter, whether 
separately or collectively,  or any other associated materials 
d etriment al to water qual ity or public health or to beneficial 
uses of t he waters of t he St at e .  A waste-retent ion structure 
shall not be construed to be a t reatment facil ity and discharges 
of wastewater therefrom shall not be allowed except as authorized 
in a Permit for Discharge of Waste. 
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6 . The words "waste treatment facilities " shall mean structures and/or 
devices which stabil iz e or otherwise control pollutants so that , 
aft er discharge o f  the treated wastes , water pollut ion does not 
occur and t he public health and the beneficial uses of the waters 
o f  the Stat e  are adequately protected . 
1 .  The words "water pollut ion control facil ities" shall mean waste­
retention pond s ,  waste-holding pit s , waste treatment facilities or 
o ther approved facil it ies . 
8. The term "Committee" shall mean the South Dako ta Commit tee on Water 
Pollut ion . 
9. The t erm "Director" shall mean the Director o f  the Division of 
Sanitary Engineering and Environmental Protect ion of the South 
Dakota Department o f  Heal th who is t he Secretary and Execut ive 
Officer for the Committ ee .  
Sect ion I I  - Permit for Discharge of Waste 
1 .  A PERMIT FOR DISCHARGE OF WASTE IS REQUIRED IF : 
a .  The number o f  catt le confined in a feedlot exceed s  500 
animal unit s or a comparable combination of other l ivestock ; 
or the proposed or exist ing l ivestock enterprise , regardless 
of number or kind of animals ,  is a water pollut ion source ; or 
b .  The l ivestock enterprise contributes to a body o f  water or 
a watercourse draining more than 3 , :oo acres of land above 
the enterprise and/or the d istance to the nearest point on 
the body o f  water or watercourse i.3 less than 2 feet per 
head o f  cat tle or equivalent l ivestock in the enterpris e ;  or 
c .  The runoff water from the enterprise , or overflow from a 
lagoon or l iquid manure storage tank , flows into a t il e  line 
or other buried conduit , d rainage well , pumped well , abandoned 
well , or sinkhole ; or 
d . The operator of a l ivestock en:erprise submit s an application. 
2 .  Within s ix months from the effective date o f  these regulations , the 
operator of any proposed or exis ting l ivestock enterprise described 
in parts "a" through "c " ,  in Section II-1 , shall make appl ication 
to t he Committee f or a Permit fer Discharge of Waste . 
3 .  Applicat ion for a Permit f or Discharge of Waste shall be made on 
forms furnished by the Director . In add it ion t o  informat ion 
suppl ied in the applicat ion form , the Director may require that 
the operator furnish addit ional data . Also , the Director or his 
authorized representat ive may inspect the s ite of the l ivestock 
enterprise for the purpose of obtaining informat ion pert inent to 
the applicat ion. 
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4 .  Considerat ion of the Application for Permit for Discharge o f  Waste 
and related information , including recommendat ions by the Direct or , 
will be scheduled before the Committee ,  and the operator will be 
so informed . The operator may attend the meet ing o f  the Committee 
and be heard . 
5 .  Upon consideration of the Application , if  the Committe� finds that 
the livestock enterprise is not contributing to the pollution o f  
waters a s  set forth and described in the Water Quality Standards ,  
a Permit for Discharge o f  Waste will b e  issued to the operator . 
The Permit shall be valid , subj ect to annual r enewal , so long as 
the livestock ent erprise is not materially changed and the qual ity 
o f  water for uses as established by the Water Qual ity Standards is 
not adversely affected . Reconsid eration of a Permit for Discharge 
of Waste may be scheduled by the Committee at any time ; and , if 
changed conditions warrant as d etermined by the Committee , the 
Permit may be modified to conform to such changed cond itions . The 
operator will be notified o f  scheduled reconsideration and shall be 
heard with respect thereto if the operator so desires . 
6. Upon considerat ion of the Application , if the Committee finds that 
the livesto ck enterprise is contribut ing to the pollut ion o f  waters 
as set forth and d escrib ed in the Wat er Quality Standards ,  a Notice 
of Requirement for Control of Waste will be issued to the operator . 
This Notice will contain guidelines for construction o f  facil ities 
needed to alleviate pollution . Al so , the Notice will prescribe the 
quality to be maintained in the receiving waters . 
7 .  Within one hundred and twenty (120)  days following receipt o f  the 
Notice  o f  Requirement for Control o f  Wast e ,  the operator shall 
submit to the Direc tor construct ion plans for water pollut ion control 
facilit ies , based upon the guidelines contained in the Notice or 
equivalent criteria . Construct ion plans shall be prepared in accor­
dance with design criteria recommended by the Director . 
8 .  Upon approval o f  the construction plans by the Director ,  consider­
at ion of the Application for Permit for Discharge of Waste , including 
recommendat ions o f  the Director , will be scheduled before the 
Committee and the operator will be so informed . The operator may 
attend the meet ing o f  the Committee and be heard , or may send addi­
tional written information as he may consider pert inent . If approved 
by the Committ ee ,  a Permit for Discharge of Waste will be issued to 
the operator , subj ect to construction o f  facil it ies as  set forth in 
the operator ' s  plans , as approved , and within the t ime period speci­
f ied in the Permit . 
9 .  Upon receipt o f  Permit for D ischarge o f  Waste ,  the operator shall 
proceed with construct ion of water pollut ion control facilities , if 
required , in accordance with the Permit for Discharge of Waste and 
his approved plan . The operator shall notify the Director when he 
has completed construction o f  his water pollution control facilit ies . 
7 3  
- 4 -
10. Permits issued by the Committee must be renewed annually (Section 6, 
Chapter 4 6-25, SDCL 1 967). If a Permit is not renewed for cause ,  
the operator o f  the l ivestock enterprise involved shall construct 
temporary facilities to prevent pollution of the receiving water s .  
The operator will then b e  allowed t o  finish feeding those cattle , 
swine , sheep , or other l ivestock in the feed ing area at the time of 
the renewal , but shall not place or allow to be placed in the feed ing 
area any other cattle ,  swine , sheep , or other l ivestock until re­
quirement s for water pollution control facilities , as  set forth in 
these regulations , have been met and a new Permit has been issued , 
unless the operator has requested and received the permission of the 
Committee.  
11. The water pollut ion control facil it ies shall be operated and main­
tained so as to protect the heal th and welfare o f  the publ ic , to 
prevent nuisance problems , and to prevent pollut ion of waters of 
the State . 
Section III - Access to Livestock Enterprise Operations 
After not ification , the Director or his authorized representat ives shall 
be permitted access to l ivestock enterprises to determine water pollut ion 
control effectiveness  or to investigate actual or potential pollut ion of the 
waters of the State . 
74 
• 
,­I 
( 
To : 
REPRINTED BY PERM I S S I ON 
SOUTH DAKOTA COMMITTEE ON WATER POLLUTION 
STATE DEPARTMENT OF HEAL�H 
PIERRE , SOUTH DAKOTA 5 7 5 0 1  
LIVESTOCK ENTERPRISE WASTEWATER DISPOSAL 
PERMIT APPLICATION 
South Dako ta Corrnni t tee on Wa ter Po l lut ion 
South Dako ta S ta te Depar tment o f  Hea l th 
Pierre , Sou th Dako ta 5 7 5 0 1  
E-3 . 5 2 / lM/ 3-71 
Name of App l icant �-----------------���-----�--�-�---­
( Company , Corporat ion , or Ind iv idua l Owner )  
Addre s s  o f  
App l icant 
( P . O .  Box) ( S tree t )  
Op erator o r  Manager i f  o ther than App l icant 
Addre s s  
( P . O .  Box) ( S tree t )  
( C i ty )  ( Zip)  ( Phone ) 
( C i ty)  ( Z ip) ( Phone ) 
hereby makes app lication t o  the Sou th Dako ta Corrnni t tee on Wa ter Po l lut ion in conform­
anc e with the S ou th Dako ta Wa ter Qua l i ty S tandards and the regu la t ions adopted by the 
Corrnni t tee under autho r i ty of SDCL 1 9 6 7 , Chap ter 46-2 5 ,  as amended . 
Loca t ion o f  prop o s ed or exis ting live s tock enterp r i s e ; 
Towns hip Sec t ion ------
Supp lementa l ma teria l i s  a t tached and is hereby made a part of  this app licat ion . 
I hereby authorize the personne l of  the S tate  Depar tment o f  Hea l th to inspect the 
s ite o f  the l ive s tock enterp r is e  for the purpose of ob taining per tinent informat ion .  
S i gnature o f  App licant or Du ly Au thor ized Agent Da te 
7 5  
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App l icant 
Addre s s  
SUPPLEMENTARY INFORMATION 
Kind ( s ) of anima ls  
Maximum numbe r  o f  anima ls  to be  concentrated* in enterp r i s e  
Months o f  the year tha t anima ls  a r e  c oncentra ted 
S iz e  o f  concentrat ion area s quare fee t  or acres . 
Name of  s tr eam rece iving dra inage from the c onc entra t i on area ( i f known) 
Name o f  r iver dra inage area in which the enterp r i s e  is located 
Locate  ent e rp r i s e  on c opy o f  aerial photograph . (A c opy of  the ae ria l photograph of  
the  farm or area where enterp r i s e  is to be loca t ed can be s ecured from your county 
Agr icu l tura l S tabi l izat ion & Cons e rva t ion Service Office for abou t a $0 . 30 fee . The 
boundar i e s  o f  your c oncentra t ion area shou ld be s ke tched on this c opy o f  the aeria l 
phot ograph . )  
Show the d irect ion o f  s ur fac e runo f f  and dra inage o f  the c oncentra t ion s i te by indic a t ing 
on the c opy o f  the aeria l  pho tograph . 
If a c ont r o l  device (pond , d ivers ion , e tc . )  has a lready been c ons truc ted , comp le t e  the 
fo l l owing : 
By whom were the fac i l i ti e s  des igned ?  Name 
Addr e s s  
Wha t  type of  contro l device  is  i t ?  ( d ivers ion , pond , gra s s  sp read ing area , e tc . )  
Show appr oxima te locat ion o f  the c ont ro l device on the c opy o f  the aeria l phot ograph . 
*Feed yard , winte ring area , or other po int of  concentrati on 
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